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ABSTRACT 
 
Establishing Weed Prevention Areas and Evaluating Their Impact 
 
 
by 
 
 
Stephanie D. Christensen, Master of Science 
 
Utah State University, 2010 
 
 
Major Professor:  Dr. Corey V. Ransom 
Department:  Plants, Soils, and Climate 
 
 
The spread of invasive weeds continues to be a serious economic and 
environmental threat.  Weed prevention has the potential to stop weeds before they 
become well established in an area conserving time, energy, and resources.  
Unfortunately, weed prevention is often overlooked.  Weed Prevention Areas (WPAs) are 
a relatively new tool developed to help improve the application of weed prevention.  
They are cooperatively managed areas that focus on implementing prevention and early 
detection strategies at a community level.  The purpose of this research was to establish 
baseline data that will be used to evaluate the overall effectiveness of the WPA concept, 
as well as to produce materials to assist individuals with the development of a WPA.  
Two rural communities, with new WPAs, were each paired with a non-WPA community 
for data collection purposes. On-the-ground GPS vegetation inventories were conducted 
to determine the initial abundance and distribution of selected invasive weed species.  
This information was then used to demonstrate how to prioritize species and sites within 
a WPA in order to utilize limited resources more efficiently. A mail-back survey was also 
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conducted to evaluate landowners’ current opinions and activities in regards to 
prevention and control.  In general, weed prevention was viewed as an important part of 
integrated weed management, but fewer than half of all respondents applied prevention 
strategies on their property.  The failure to implement prevention strategies was attributed 
to limited funding and resources, a lack of weed prevention knowledge, and a high level 
of perceived risk.  The knowledge gained from this research was then used to create Step-
By-Step Guidelines for Establishing a Weed Prevention Area.  These Guidelines provide 
interested individuals the resources necessary to successfully organize a WPA in their 
community.  In addition, four wildland weed mapping methods were evaluated to identify 
their strengths and weaknesses.  There was no difference in the estimation of patch size 
or location between the buffered point, screen-drawn, and perimeter walked methods.  In 
most situations, time and distance factors favor the selection of either the buffered point 
or screen-drawn method.  If patch shape is an important consideration, the perimeter-
walked or buffered point method should be selected.     
 
(158 pages) 
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CHAPTER 1 
INTRODUCTION 
 
 
Invasive weeds are primarily introduced plants that can cause serious economic 
and environmental harm (DiTomaso 2000).  These non-native plant species can be 
aggressive and exhibit characteristics such as high reproductive capacity and tolerance 
for a wide range of environmental conditions.  They also often lack natural controls, such 
as animals, insects, or diseases, in their new environments (Keane and Crawley 2002; 
Sharma et al. 2005).  As a result, these invasive weeds are able to out-compete and 
displace native or desirable plant species, leading to problems such as decreased forage 
and crop yields, reduced wildlife habitat, reduced land value and altered nutrient cycles 
(DiTomaso 2000; Harrod 2001). 
Once invasive weed species spread and become well established, a large amount 
of time, energy and resources are required to manage them (Hobbs and Humphries 1995; 
Zamora et al. 1989).  For example, yellow starthistle (Centaurea solstitialis) was 
introduced in California in the 1850’s and now infests approximately 5.8 million hectares 
(14.3 million acres) of pasture and rangeland.  The costs associated with the control of 
yellow starthistle and the losses in forage production are estimated to be over $17 million 
per year (Aslan et al. 2009).  Leafy spurge (Euphorbia esula) was first discovered in 
North Dakota in 1909.  By 1994 this invasive weed infested over 65 thousand hectares 
(1.6 million acres) in Montana, Wyoming, North Dakota and South Dakota with direct 
and indirect economic impacts estimated at approximately $130 million annually (Leitch 
et al. 1994).  Overall, the estimated economic impact of invasive weed species in the 
United States is over $34 billion annually (Pimentel et al. 2005).  
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The Process of Weed Invasion.   Understanding the process of weed invasion is 
essential to developing management strategies that effectively address the problem of 
weed invasion (Hobbs and Humphries 1995; Welch 2007).  The first step in this invasion 
process is the introduction of non-native plant propagules into new areas, whether 
intentionally or accidentally.  This process has been facilitated to a large extent by human 
related activities such as travel, commerce and land development (Rejmanek 2000; 
Sharma et al. 2005).  Animals, wild and domestic, also serve as important dispersal 
vectors by transporting propagules over long distances via ingestion and defecation, or 
the attachment of seed to the body of the animal (Cosyns et al. 2005; De Clerck-Floate 
1997; Myers et al. 2004).  Wind and water also serve as important natural vectors of seed 
dispersal (Davies and Sheley 2007). 
The subsequent establishment and proliferation of non-native plants is related to 
species traits which allow the plant to respond to a series of environmental factors (Mack 
et al. 2000; Theoharides and Dukes 2007; Williamson and Harrison 2002), and the level 
of propagule pressure exerted on the plant community (Eschtruth and Battles 2009).  
Fluctuating levels of available plant resources also influence the invasibility of a 
landscape.  Plant resource availability includes the supply of light, water, and minerals 
and their relative proportions unused by existing vegetation.  When the level of unused 
resources is high, plant communities become more susceptible to invasion (Davis et al. 
2000).  Overall, invasive weeds can easily invade if necessary niche requirements 
existing on the landscape are not well filled by existing vegetation (Gilbert and 
Lechowicz 2005). 
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Many non-native plant species experience a lag phase at some stage of the 
invasion process in which population growth is slow (Crooks 2005; Mack et al. 2000; 
Theoharides and Dukes 2007).  These lag phases may be due to a number of different 
factors.  There may be a lack of suitable habitat in surrounding areas or limited genetic 
variation within a population requiring the non-native plant to either adapt or wait for a 
change in environmental factors to a more favorable state (Crooks 2005; Mack et al. 
2000; Welch 2007).  It could also be attributed to the time required to reach a sufficient 
level of propagule pressure necessary to facilitate spread (Theoharides and Dukes 2007; 
Williamson and Harrison 2002).  In some cases, perceived lag phases may simply be the 
inability to detect or recognize the newly invaded species because patches are small and 
widely scattered throughout an area (Crooks 2005; Mack et al. 2000).   
There is also a strong correlation between disturbance of the land and the 
abundance and distribution, or spread, of invasive species (Mack et al. 2000).  In many 
cases, disturbance results in a new microenvironment or habitat in an ecosystem to which 
invasive weeds show a greater adaptability and tolerance than do native species.  
Disturbance events include: fire, fertilization, grazing, storms, and floods (Masters and 
Sheley 2001).  The proposed mechanisms behind disturbance are: reduction of 
competition from other plants, stimulation of germination, and alteration of resource 
levels (Hierro et al. 2006).   
The degree of disturbance, or ecosystem alteration, is related to the predominant 
type of land use.  Lundgren and associates (2004) found that with expanding road size 
and increasing levels of land use and development intensity there is also an increase in 
the frequency, richness, and cover of invasive species.  There are four main categories of 
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land use.  These categories are conservation (wilderness areas, wildlife refuges, nature 
reserves), utilization (pastoralism, recreation), replacement (cropping agriculture), and 
removal (mining, industrial/residential development).  The first two categories emphasize 
maintaining natural ecosystems while the other two involve replacing or removing 
current ecosystems.  The type of land use impacts the goals, objectives, and subsequent 
methods of weed control which are available and acceptable (Brooks 2007; Hobbs 2000). 
Weed Control and Management.  Until recently, most of the emphasis in weed 
science and management has been placed on developing effective methods of control for 
individual invasive species (Hobbs and Humphries 1995; Wyse 1994).  Control refers to 
the actions taken to contain, reduce, eliminate, or damage an existing weed infestation so 
that the population is below a level that interferes with desirable plant communities 
(Dewey and Andersen 2004; Harrod 2001; Zamora et al. 1989).  The main methods of 
weed control are mechanical, biological, cultural, and chemical (Masters and Sheley 
2001).  For the most part, these methods of control have been developed and used 
independently in various settings (Hatcher and Melander 2003).   
 In the late 1970’s concern for the economic costs, environmental effects, and long 
term effectiveness of current control methods initiated the development of more holistic, 
or integrated, approaches to weed management. In this setting, weed management is not 
considered synonymous with weed control.  Instead, weed management is the integration 
of control techniques with knowledge to address the cause of weed problems rather than 
reacting to the symptoms (Buhler et al. 2000).  One such approach compares effective 
weed management to the effective management of wildfires due to similarities in their 
spread, impacts, and control strategies.  This fire model proposes that successful weed 
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management must be built upon the four foundation cornerstones of prevention, early 
detection, timely control, and site restoration, which comprise modern wildfire 
management (Dewey and Andersen 2004; Dewey et al. 1995). 
Prevention is the most practical and cost effective method of weed management 
(Dewey et al. 1995; Harrod 2001; Masters and Sheley 2001; Sheley et al. 1996b).  It 
includes any activity or policy aimed at protecting and preserving land which has not yet 
been invaded (Dewey and Anderson 2004).  Prevention or exclusion strategies stop the 
expansion of existing populations and the introduction of new weeds by identifying and 
interrupting pathways of seed dispersal (Harrod 2001).  A wide range of exclusion or 
prevention strategies exist and include:  cleaning contaminated equipment and materials, 
feeding weed-free forage to livestock, and limiting soil disturbances (Clark 2003).   
Weed Detection.  Early detection and timely control of weeds is the second line 
of defense in the event that weeds defeat prevention measures.  Detection includes all 
aspects of finding, reporting and mapping invasive weeds (Dewey and Anderson 2004).  
An active detection program allows new invaders to be identified while they are in the 
lag phase of the invasion process and not yet well established.  If land managers act 
quickly to implement aggressive control measures once detected, eradication and re-
vegetation become realistic goals (Masters and Sheley 2001; Simberloff 2003; Smith et 
al. 1999).  Eradication is the complete destruction or removal of every propagule from an 
area surrounded by natural or man-made barriers that prevent natural reinvasion (Zamora 
et al. 1989).  Although eradication is generally difficult to achieve, Smith et al. (1999) 
provide strong evidence in favor of early detection and control.  They determined that 
over a 20-year period the cost to eradicate a 10-hectare infestation of weeds is less than 
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one-fifth the cost to eradicate a 100-hectare infestation, and only 2% of the cost to 
eradicate 1,000 hectares of the same species.    
Effective early detection and timely control requires a clear picture of the relative 
abundance and distribution of invasive plants present.  Weed inventories/surveys meet 
this need by providing weed distribution maps which can be used to:  identify weed-free 
areas, discover pathways of seed dispersal, generate awareness, and prioritize control 
efforts for species and areas (Dewey and Andersen 2004).  Developing an effective weed 
detection program requires careful consideration of what data are necessary to achieve 
management goals and objectives.   A wide variety of methods and techniques are 
available for data collection, including:  simple, hand-drawn maps, Global Positioning 
System (GPS) technology, and airborne remote-sensing tools.  The cost varies from 
pennies to dollars per hectare depending upon the level of detail collected.  Managers 
must also decide the specific techniques, or protocols, which will be used to collect and 
record data.  Steps have been taken to standardize what data should be collected and how 
it should be collected (Andersen 2007; Rew and Pokorny 2006).  Unfortunately, little 
data are available indicating how different collection methods compare in accuracy and 
time.  These are critical factors that need to be better understood. 
Perceptions of Weed Management.  The need for a more holistic approach 
emphasizing prevention and early detection strategies has become well acknowledged 
within the scientific community, but support from the public and private sectors remain 
limited.  Extensive research has been conducted regarding how the general public 
perceives land management, invasive weeds, and available methods of weed control. 
Results show that due to different beliefs and experiences, attitudes and knowledge levels 
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are extremely variable (Sheley et al. 1996a; Tidwell 2005).  Other research has strived to 
understand specifically how land managers view weed management and what factors 
influence their management decisions (Steele et al. 2006; Wilson et al. 2008). Many 
landowners recognize weeds as a problem, but they often fail to adopt new management 
practices due to social, environmental, financial, and educational constraints (Aslan et al. 
2009; Sell et al. 2000).  These constraints are the result of individual landowner learning, 
experience, characteristics, and circumstances (Pannell et al. 2006).   
If the public and private sectors are to be engaged more fully, the problem of 
invasive plants must be linked to the specific interests and concerns of the target audience 
(Tidwell 2005).  Further, greater collaboration between scientists and land managers is 
needed if progress is to be made.  Scientists have valuable knowledge, but may not fully 
understand the challenges and constraints that land managers face.  The integration of 
such knowledge could lead to the development of management strategies that can be 
successfully implemented (Jordan et al. 2003).  Overall, the most successful weed 
management programs are ones supported by locally enforced regulations, which in turn 
are supported by locally implemented awareness education measures (Hershdorfer et al. 
2007).    
Cooperative Weed Management Areas.  Several weed management programs 
have been created in the past 15 years in an effort to engage the public and private 
sectors, and improve the success of weed management.  Cooperative Weed Management 
Areas (CWMAs) have been the most successful of these programs.  CWMAs are local 
organizations that bring together private landowners and public land managers in a 
collaborative effort to share and coordinate resources and time for the benefit of entire 
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communities (VanBebber 2003).  Together they develop an integrated weed management 
plan for their area (Clark 2009).  These programs are very effective at increasing local 
cooperation, communication, trust, and public awareness (VanBebber 2003).  Despite 
these efforts, the spread of weeds into new areas continues to be an escalating problem.   
Hobbs and Humphries (1995) suggest that most major weed control programs 
begin only after there is an obvious problem.  At this point, despite the building evidence 
supporting the importance of prevention and early control these activities are overlooked 
in the competition for limited resources (Smith et al. 1999).  Instead, all resources are 
directed towards major weed problems which are more apparent and pressing.  More 
emphasis in weed management programs needs to be placed on prevention and early 
control if the problem of invasion is to be addressed (Hobbs and Humphries 1995).   
Weed Prevention Areas.  The creation of formalized Weed Prevention Areas 
(WPAs) is a relatively new concept currently being implemented in parts of Montana and 
Idaho.   
WPAs are cooperatively managed areas that focus on preventing weed invasions and 
implementing early control efforts.  They can be part of, or organized similarly to, a 
CWMA, but focus is placed on applying prevention and early detection methods at a 
community level.  They encourage communities to take a proactive role in keeping weeds 
out, and thus potentially avoid the large economic and ecological costs associated with 
large scale weed infestations.  This is accomplished by encouraging unified landowners 
and local citizens to become involved in developing and implementing a site-specific 
action plan that addresses the following components:  education, exclusion, mapping, 
detection and eradication, and ecosystem management.  The goals of these action plans  
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should be to reduce susceptibility of land to invasion, interrupt weed invasion pathways, 
and detect and eradicate new weed patches (Goodwin and Jacobs 2007).  
Kim Goodwin, Invasive Weed Prevention Coordinator at Montana State 
University, is one of the leading authorities on WPAs and has created a publication 
briefly describing how this program was developed and implemented in Montana called 
Developing Invasive Weed Prevention Areas for Rangeland Ecosystems.  No other 
resources exist to help interested individuals successfully establish WPAs in their 
communities.  If barriers exist that prevent community involvement, how can they be 
overcome?  Although individuals may be interested in a WPA success ultimately centers 
upon the community.  In addition, little information is known regarding how effective 
this program is in limiting the spread of weeds.   
 
Research Objectives 
 
 
The objectives of this research were to 1) create a guideline providing rural 
communities a step-by-step process for developing a successful WPA; 2) determine the 
composition and distribution of invasive weed populations within representative portions 
of four selected rural communities for use as a baseline reference; 3) identify biological 
and social factors that may affect the success of prevention/early control efforts within 
two beginning WPA and two non-WPA rural communities; and 4) compare four different 
methods of wildland weed mapping on the basis of time and accuracy. 
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CHAPTER 2 
STEP-BY-STEP GUIDELINES FOR ESTABLISHING A WEED PREVENTION 
AREA (WPA) 
 
Abstract 
 
 
Weed Prevention Areas (WPAs) are a relatively new tool developed to help slow 
the spread of weeds into non-infested areas and minimize environmental and economic 
costs.  They are cooperatively managed areas that focus implementing weed prevention 
and early detection at a community level.  Step-By-Step Guidelines were developed to 
help interested individuals successfully establish WPAs in their communities.  The step-
by-step process includes five main steps 1) introduce the WPA concept, 2) organize the 
WPA, 3) develop the action plan, 4) implement the action plan, and 5) evaluate the action 
plan.  Each step contains information, explanations, and ideas providing guidance while 
remaining flexible enough that communities are able to develop a WPA that meets their 
specific needs.  In addition, an additional resources page is provided at the end of each 
step providing links and references for individuals desiring further information on 
specific topics.  Several worksheets and templates are also available for use in planning 
and recording management activities.   
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Executive Summary 
The purpose of the ―Step-by-Step Guidelines for Establishing a Weed Prevention 
Area (WPA)‖ is to help communities protect valuable resources from the costly and 
permanent effects of invasive weeds.  Invasive weeds continue to spread into new areas at an 
alarming rate.  WPAs allow communities to take a proactive role in keeping weeds out, and 
thus potentially save millions of dollars in management costs.  These guidelines are designed 
to provide interested communities a step-by-step process for effectively implementing 
prevention and early detection techniques in their area.  These steps will help direct the 
organization of a WPA, as well as the development, implementation, and monitoring of a 
WPA action plan.  Once established, a WPA will help communities continue to preserve their 
way of life for future generations.  
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Keys to Developing a Successful WPA 
1. Make the community the center of the WPA. 
2. Re-prioritize weed management efforts to emphasize prevention. 
3. Develop a well designed action plan. 
4. Put a reliable person in charge of implementing the plan. 
5. Realize that protecting rural communities is a long-term, ongoing commitment. 
I. Introduction 
What is a Weed Prevention Area (WPA)? 
Weed Prevention Areas (WPA) are a relatively new idea developed to help slow the 
spread of weeds into non-infested areas and minimize environmental and economic costs.  
They are defined as cooperatively managed areas that focus on preventing weed invasions 
and implementing early control efforts (1).  However, there is more to a WPA than simply 
keeping weeds out.  The concept of WPAs is about changing a long held way of thinking 
about weeds, especially invasive species.   Traditionally, weed control efforts are only 
initiated after a weed has become a major economic problem in an area.  Communities 
forming weed prevention areas take a proactive approach, planning efforts to concentrate on 
keeping land without invasive species free from invasion.  It seems like a subtle shift in 
thinking, but it can have huge payoffs for communities working to keep their land and 
resources healthy.  
WPAs can be part of, or organized similarly to, a Cooperative Weed Management 
Area (CWMA), but focus is placed on implementing prevention and early control methods at 
a community level.  Unified landowners and local citizens develop and implement a weed 
action plan which identifies site specific strategies aimed at reducing the susceptibility of 
land to weed invasion, interrupting weed invasion pathways, and preventing the spread of 
invasive weeds into new areas.  Methods used to accomplish this include:  early detection and 
eradication of satellite patches, limiting weed seed dispersal, containing neighboring weed 
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infestations, limiting soil disturbance, establishing and properly managing competitive plants, 
vegetation monitoring programs, and education and awareness programs targeting the general 
public.        
Communities face different challenges and circumstances, but whether a rural 
community is virtually weed free or moderately to heavily infested by damaging invasive 
plants, a WPA can be developed to fit each situation. Two important points are central to the 
success of a WPA.  First, is being able to prioritize management efforts to focus on 
prevention and early detection to effectively utilize limited resources.   The second is the 
dedication of the community to get behind the idea and implement the multi-faceted plan. 
What are the Advantages of a WPA? 
Typically, it is not until an invasive weed has become well established in an area that 
major weed management efforts are initiated in an attempt to limit damages.  Managing and 
restoring these heavily invaded landscapes 
requires a large amount of time, energy, and 
resources.  Unfortunately, the success rate of 
these efforts is extremely low.  In 1993, the 
Office of Technology Assessment (2) reported that, on average, every dollar spent on early 
weed intervention prevented $17 in later expenses.  Clearly, taking a proactive approach 
towards weed control can potentially save millions of dollars in damage and control costs 
while preserving valuable community resources.  
WPAs are created and operated at a community level. This is an advantage as local 
citizens and landowners are quite knowledgeable about their area, the people, the 
environment, and the challenges or limitations they face.  WPAs give community members 
the opportunity to apply their knowledge, to create an effective program by developing the 
plan, and deciding how to implement the plan to keep infestations from advancing.  The 
Clearly, this proactive approach 
towards weed control can potentially 
save millions of dollars in damage 
and control costs while preserving 
valuable community resources. 
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result is a prevention program that fits the needs and circumstances of the community, 
allowing it to successfully operate into the future. 
In addition, WPAs provide the structure and leadership necessary to encourage 
cooperation between community members and coordinate weed management efforts.  As 
community members work together towards common goals, they are able to pool limited 
time and resources and maximize their effectiveness.  An established WPA also allows 
communities to more easily apply for grants and other programs to obtain additional funding.  
Additional funding helps to minimize the costs and concerns associated with initiating 
prevention.  This, in turn, encourages more individuals to become involved in prevention and 
early control efforts. 
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The steps for forming a Weed Prevention Area (WPA) are shown in Figure 1. Each 
step will be discussed in detail in the following pages.  At the end of each step additional 
resources have been provided to ensure that communities have the necessary information and 
tools to succeed.  By following these steps, communities will be able to successfully establish 
a WPA and create a proactive weed management plan that can be adjusted to fit changing 
needs.  The emphasis on prevention and early detection/rapid response enables communities 
to better protect and preserve the land and resources they love and rely upon for their 
livelihoods.   
 
 
 
 
 
•Identify Initial 
Leadership
•Build 
Community 
Support
I. Introduce the 
WPA Concept
•Leadership and 
Structure
•WPA Boundaries
•Prioritized Weed 
Lists
II. Organize the 
WPA •Set Goals and 
Objectives
•Develop Site-
Specific 
Strategies to 
Acheive Goals
III. Develop the 
Action Plan
•Put the Plan Into 
Motion
•Obtain Funding
•Monitor & Keep 
Records
IV.  Implement 
the Action Plan •Short -Term 
Effectiveness
•Long -Term 
Effectiveness
V.  Evaluate the 
Action Plan
Figure 2-1.  Five steps for establishing a Weed Prevention Area.  
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II. Introducing the WPA Concept 
The first step in establishing a WPA is to build community interest and support for 
the idea.  Community members are at the center of a WPA and their involvement ultimately 
determines the success of a WPA.    
Find an Initial Leader or “WPA Champion”  
Talk to influential people in the community and identify someone who is excited 
about the WPA idea and would like to get involved.  This person becomes a key player in 
facilitating community involvement as they talk to others in the community, and share their 
enthusiasm about the idea.  Leadership could be provided by a county weed supervisor, 
government agency coordinator, extension agent, or concerned landowner.  Successful 
WPA’s require leaders with good communication skills, integrity, and the ability to work 
with a diverse group of people.  
If a CWMA is already active within the community, consider forming a WPA as a 
CWMA subcommittee.  In this scenario, the steering committee should provide the initial 
leadership until the WPA becomes fully organized. 
Build Community Support for the Idea 
The ―WPA Champion‖ should lead efforts to introduce the WPA concept since they 
know and understand their community dynamics, and the best way to convey the WPA 
message.  Highlighting the negative impacts that invasive weeds have on economic and 
aesthetic values can often rally and bring the community together.  Negative impacts may 
include decreased forage and crop yields, reduced wildlife habitat, reduced land value, and 
degradation of natural resources.  In turn, these impacts can increase production and 
management expenses and reduce recreation and tourism revenue.  It is important to identify 
the specific resources that are at risk within the community and emphasize how a WPA can 
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Figure 2-2.  Facts and examples of invasive plants and their negative impacts. 
help protect them.  WPA messages should also appeal to people’s sense of community 
responsibility and stewardship.  These messages should emphasize that a WPA cannot be 
successful without community members individual support and participation.  They should 
also stress how a WPA can personally benefit community members.  These steps are all part 
of building a strong foundation of support for a WPA. 
                                                                                                                                                                                           
 
Plant Impacts
•Leafy spurge infestations with 80% cover reduce the livestock carrying 
capacity of land to zero (3).
•Medusahead  reduces grazing capacity by up to 80%, also decreasing 
biodiversity (4). 
•7 rare plant species eliminated in 3 years by spotted knapweed invasion 
in Glacier National Park (5).
Economic Impacts
•Direct and secondary annual economic impact of leafy spurge on the 
livestock indistry in Montana, Wyoming, and North and South Dakota 
exceeded $129 million (3).
•North Dakota loses over $3.5 million annually in revenues from wildlife-
related recreation due to non-native plant infestations (3).
Watershed Impacts
•Invasion of downy brome increased rangeland wildfire frequency from 
once in 40-60 years to once in 3 years (3).
•56% increase in water runoff and 192% increase in soil erosion on 
knapweed infested land (6).
•Water consumption of saltcedar infestations can cause pools, rivers, 
and streams to dry up (7).
Wildlife Impacts
•98% reduction in elk grazing on land invaded by spotted knapweed (8).
•Bison and deer use reduced 83% and 70% on land invaded by leafy 
spurge (9).
•Salmon spawning beds threatened by increased amounts of silt in water 
from knapweed related erosion (5).
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A very effective approach for sharing ideas and information is to talk to people one-
on-one.  This could be as simple as talking to friends and neighbors about the exciting 
benefits of a WPA and inviting them to become involved.  The WPA champion and 
supporters could also speak at community meetings or set up an informational booth at 
community functions.  These interactions open the line of communication, show people that 
their thoughts and concerns are important, and that ultimately the WPA will be for their 
benefit.  If funds are available, messages could also be conveyed through printed materials, 
such as fliers or posters, which could be created and distributed throughout the community.  
The main purpose of fliers and posters will be to catch people’s attention and encourage them 
to contact a leader for more information on how to get involved.  
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Additional Resources for Building Community 
Support 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Information regarding the process of weed invasion and the need for early intervention. 
Center for Invasive Plant Management (CIPM).  The Invasive Plant Resource Guide:  A Big 
Book for a Big Problem.  http://www.weedcenter.org/resource_guide/rg_contents.html  
 
Lake Tahoe Basin:  Weed Coordinating Group.  Impacts and Spread of Invasive Weeds.  
http://tahoeinvasiveweeds.org/weeds/impacts.php  
 
U.S. Fish and Wildlife Service.  Havasu National Wildlife Refuge.  How do Invasive 
Species Spread?  http://www.fws.gov/southwest/refuges/arizona/havasu/invgethere.html  
 
Welch, B.A.  2007.  Chapter 2.  The Plant Invasion Process:  Implications for Land 
Managers.  in Early Detection of Invasive Plant Species Handbook.   U.S. Geological 
Survey/ National Park Service http://www.pwrc.usgs.gov/brd/invasivehandbook.cfm  
 
Information on what and how community resources are at risk of weed invasion.  
Alonso, A., F. Dallmeier, E. Granek, and P. Raven. 2007.  Biodiversity:  Connecting with the 
Tapestry of Life.  Smithsonian Institution/Monitoring and Assessment of Biodiversity 
Program.  2
nd
 Edition.  Washington, D.C., U.S.A.   
http://www.weedcenter.org/resource_guide/biotapestry.pdf  
 
Cows and Fish.  Alberta Riparian Habitat Management Society.   
http://www.cowsandfish.org/     
 
Natural Resource Conservation Service.  Soil Quality Concepts. 
http://soils.usda.gov/sqi/concepts/concepts.html  
 
U.S. Environmental Protection Agency (EPA).  Wetlands.  
http://water.epa.gov/type/wetlands/index.cfm  
 
Westbrooks, R.  1998.  Invasive plants, changing the landscape of America:  Fact book.  
Federal Interagency Committee for the Management of Noxious and Exotic Weeds 
(FICMNEW), Washington, D.C.  109 pp.  
http://www.weedcenter.org/resource_guide/Invasive%20Plants%20Factbook.pdf  
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1. Do you have land that is not impacted by invasive species that you would like to 
keep free of invasion?  Approximately how many acres? 
 
2. Approximately how many acres of small infestations of invasive species would you 
estimate that you have?  
 
3. What are the 3 most likely ways they are spreading?  (other than from current 
infestations). 
 
4. Would you be willing to work cooperatively with neighbors and the community to 
keep your land free from infestations?  
 
5. Would you be willing to scout your land for potential new occurrences of these 
species?  
 
6. What groups would you want to partner with to develop projects or plans to prevent 
further infestations or new infestations?  Who should know about the WPA 
activities?  
 
7. What species should be on the list?  
 
8. Do you have ideas for projects that will prevent weed invasions in our community? 
 
Figure 2- 3.  Example of a landowner survey that could be used at the organizational meeting. 
III. Organizing a WPA  
Hold a Series of Meetings 
Once the WPA idea has been introduced, and there are enough people interested in 
organizing a WPA, meetings can be coordinated.  The purpose of these meetings is to 
organize a WPA and develop a Weed Action Plan.  Usually, the first meeting is an 
organizational meeting and all interested parties should be invited to participate.  Interested 
parties include not only community members but county weed supervisors, government 
agency representatives, and special interest groups.  During this meeting, the group will 
identify the WPA structure, leadership, WPA boundaries, and begin designing a WPA action 
plan.  
Holding meetings in a participatory style increases the discussion of ideas and builds 
cooperation between individuals and/or groups.  This format gives people the chance to 
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share ideas, ask questions, and get involved.  Consider having the meeting facilitated by 
someone who is impartial to encourage cooperation.  County Extension often has trained 
facilitators and is a good resource.  Prior to or during the first meeting, it is also helpful to 
encourage conversation, and for those in attendance to fill out a quick survey about their 
perceptions of weeds and invasive species in the local area and what challenges they face.  
A sample survey is provided as an example (Figure 3).  Each community is different, and 
developing a WPA to fit individual circumstances is important to creating a successful 
WPA.     
Set Up the WPA Infrastructure 
The basic infrastructure of a Cooperative Weed Management Area (CWMA) is a 
perfect model from which to develop the structure for a WPA.  If a CWMA currently exists 
within the area consider how a WPA could be integrated into the existing structure. 
1) Leadership Structure when a CWMA does NOT Exist 
a) Establish a steering committee.  All interested parties must be represented for the 
WPA to be effective.   Members should be rotated periodically  allowing everyone 
the opportunity to become more involved.  This committee organizes members, 
schedules and directs management activities, and helps establish operating procedures 
and priorities.   
b) Elect a chairperson and a vice-chairperson.  Chairpersons are appointed by the 
steering committee and will be responsible for scheduling meetings, securing further 
funding, and overseeing the organization and coordination of efforts.  It is suggested 
these positions are changed every two years with the vice-chairperson assuming the 
role of chairperson while another vice-chairperson is elected, ensuring continuity as 
well as participation. 
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c) Create sub-committees.  As the WPA progresses, sub-committees can be formed  to 
develop and implement strategies for specific projects as outlined in the action plan 
such as public education and awareness or invasive weed mapping.  Project leaders 
should be assigned to direct committee meetings, manage expenditures, and provide 
documentation and final reports.  When the project is completed, the committee can 
be disbanded.  This provides the opportunity for members of the community to 
volunteer and become more involved in the WPA.  Delegating specifc projects to 
sub-committees also provides the steering committee more time to devote towards 
administrative and coordination duties. 
2) Leadership Structure When a CWMA DOES Exist in the Area 
a) Form a WPA as a CWMA sub-committee.  One option is to form a CWMA sub-
committee comprised of community members and other individuals interested in the 
successful implementation of a WPA within the designated area.  A committee 
chairperson could then be elected to direct the affairs of the WPA.  It will be 
important for the committee chair to work closely with the CWMA steering 
committee to coordinate resources and management activities.  This structure allows 
landowners and public land managers within the smaller defined area to unite and 
focus on developing and implementing prevention and early detection strategies 
while the larger CWMA does business as usual.  In addition, the framework may 
already be in place for publishing educational materials, collecting weed data, and 
acquiring and depositing funding.  There may also be an individual already hired that 
can act as the weed coordinator for the WPA action plan. 
b) Distinguish the CWMA as a WPA.  An alternative may be that the CWMA as a whole 
considers moving towards a WPA distinction.  When a CWMA forms a WPA, it 
prioritizes weeds (based upon invasion status and potential economic and 
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environmental damage) and areas (based upon weed-free status as well as the 
likelihood that it serves as a pathway of weed invasion) to first protect weed-free land 
through prevention and early detection/rapid response techniques.  Management 
efforts then target satellite patches and then larger, well established infestations 
themselves.  The existing infrastructure of the CWMA will remain unchanged.  
Designate the Land Boundaries of the WPA 
It is important to establish clear land boundaries for the WPA and ensure a map 
illustrating those boundaries is easily accessible to participants.  Unclear boundaries of the 
WPA can lead to confusion concerning the extent of the area included and those who are 
involved.  Ultimately, this can decrease the cooperation within the community and the 
effectiveness of the WPA.  The clearest boundaries may be established by following political 
or landscape features such as county lines or rivers.  
Make and Prioritize Weed Lists 
A large number of undesirable plants exist, but due to limited resources and time it 
would be unreasonable to target each of them.  Making and prioritizing weed lists early on 
allows the group to limit the scope of the WPA to the weeds which are the greatest threats 
environmentally and economically.  Prioritization also helps make the planning of future 
activities easier and allows limited resources to be used more effectively.  Initially, if no 
weed maps or other information exist, weed lists can be developed from compiling land 
owner information.  Discuss the weeds that landowners know are currently on their property 
and which they view as problematic or damaging.  Refer to Department of Agriculture lists or 
county and state noxious weed lists to identify invasive weeds that may not be found within 
the target area but are known to be a problem nearby.  When making weed lists, prioritize 
each species according to the Weed Prevention Area’s management objectives.  The 
following method for prioritizing weed species is recommended.   
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1. Early Detection/Rapid Response.  This priority status is for plant species currently 
not found within the WPA, or in very small patches (less than 2 acres in size).  They 
are species known to be particularly aggressive and capable of causing significant 
changes in the landscape.   These species receive the highest priority because they 
have not yet established within the area and minimal resources are needed to prevent 
or eliminate them. 
2. Control.  Species in this category are aggressive plants which are established within a 
WPA but are present in localized patches and can be controlled or at least 
significantly reduced. 
3. Containment.  Any species that are well established within the WPA and are causing 
significant losses in production or utilization of valuable resources are placed in this 
category.  The goal with species given a containment priority is to keep them from 
spreading by focusing efforts on the perimeter of the infested area. 
Identify Invasion Status 
Once the WPA group creates and prioritizes a weed list, it is important to determine 
how extensively the area is infested by each of the listed species.  Having a rough estimate of 
the extent to which the target is infested aids in the development of feasible priorities and 
goals for the WPA.      
1. Weed Free. If the designated area is virtually weed-free, this provides an ideal 
opportunity to take a proactive role in keeping weeds out, preventing costly negative 
impacts.  Goals and objectives should emphasize delineating and protecting weed-
free areas.  Focus should also be placed on developing and applying prevention and 
early detection/rapid response strategies.  
2. Moderate to Heavy Infestations.   If the designated area is moderately to heavily 
infested by multiple invasive species, identifying and protecting large tracts of weed-
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free land may not be possible, but the WPA concept can still be applied.  Goals and 
objectives should be developed so that the focus is first placed on small, easily 
eradicated infestations, as well as on satellite patches bordering the perimeters of 
larger infestations to prevent further spread.  Over time, as new invasive plants are 
prevented from establishing, more resources will become available to target larger, 
well established infestations and reduce their size to acceptable levels. 
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Additional Resources for Organizing a WPA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Information and tips on how to build a successful community partnership. 
 
Natural Resource Conservation Service (NRCS).  Social Sciences Team Publications.  
People, Partnerships, and Communities Series.  
http://www.ssi.nrcs.usda.gov/publications/#ppcs  
 
Rebori, M.K.  1997.  How to Organize and Run Effective Meetings.  Fact Sheet 97-29.  
Cooperative Extension.  University of Nevada-Reno.  
http://www.unce.unr.edu/publications/files/cd/other/fs9729.pdf  
 
Skelly, J.  2000.  Motivating Volunteers.  Fact Sheet-00-30.  Cooperative Extension.  
University of Nevada-Reno.    
http://www.unce.unr.edu/publications/files/cd/2000/fs0030.pdf  
 
Kaner, S., L. Lind, C. Toldi, S. Fisk, and D. Berger.  2007.  Facilitator’s Guide to 
Participatory Decision-Making.  2
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IV. Developing the Action Plan 
Developing a comprehensive action plan will take time, but a completed plan will 
provide guidelines for the implementation of projects within the WPA.  A well developed 
action plan can also be a valuable resource to obtain additional funding.  Additional 
community meetings or group discussions should be held to encourage community 
involvement.  This allows WPA leaders 
to share information and gather project 
recommendations for different segments 
of the action plan.  The leaders of the 
WPA will be responsible for compiling 
the information and recommendations to 
create the WPA action plan.   During the development of the action plan, be realistic in what 
strategies and activities can be implemented successfully.   
 Basics of the WPA Action Plan 
Vision.  A vision statement will reflect what the group sees as the positive outcome 
from developing a WPA.  It is important to state a vision with a positive perspective.  An 
example vision statement might be ―With our WPA, we hope to reduce invasive species in 
our area and increase the awareness about invasive species.‖ 
Goals.  Goals are generally stated as achievements a WPA aims to accomplish.  For 
example, ―We want to protect and maintain healthy native rangeland ecosystems and 
associated productive capacity from invasive weeds to sustain continued cattle production 
and wildlife habitat preservation.‖  
 
Components of a WPA Action Plan 
 
Vision 
Goals and Objectives 
People Involved and Partner Groups 
Prevention Strategies 
Early Detection/Rapid Response Strategies 
Mapping Strategies 
Ecosystem Management 
Awareness and Educational Programs 
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Objectives. Objectives are essentially more specific activities, describing the specific 
steps that will be taken to achieve the goals of the WPA.  Objectives could look like this:  1. 
We will identify and delineate high-priority areas.  2. We will initiate awareness programs 
directed at the recreational users of our area.   
People Involved and Partner Groups.  This section should include the names of 
people that are actively involved in the WPA.  Potential partners should also be listed and 
could include:   
 People and groups that should be aware of WPA projects 
 Groups that could assist in project development and resource acquisition 
  Groups that could benefit from knowing about programs, including but not limited 
to:  road departments, environmental groups, watershed councils, federal agencies, 
schools, and user groups.   
When these relationships are recognized and developed early on many of these 
organizations can provide funding, or help in obtaining operating funds, for the WPA. 
Prevention Strategies.  These are specific strategies aimed at reducing the number 
and frequency of weeds moving into the WPA by interrupting weed pathways and spread 
vectors.  As the plan is developed, serious consideration should be given to the following 
questions: 
1.  How will patches occurring near the borders of existing infestations, or in new 
locations, be found?  How will the dispersal of these new patches be interrupted? 
2. What actions can be implemented to prevent invasive spread or infestation, and what 
vectors are the most important dispersers?  What programs can be implemented to 
limit the spread of these species? 
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3. How will disturbances be minimized, such as along roadsides?  When they do occur, 
will they be reseeded? 
4. How will dispersal be limited along waterways? 
5. How will livestock be managed to reduce seed dispersal?  Can they be diverted from 
areas with infestations during seed set?  Can they be held in a central area before 
moving from a weed infested area to a ―weed-free‖ area?‖  
6. How will movement of equipment be handled?  Could there be designated cleaning 
sites? 
7. What actions can be taken to reduce the dispersal of seeds through recreational 
activities?  Can awareness signs, brochures, or other programs be developed?  Could 
there be designated cleaning areas for recreational vehicles? 
Early Detection/ Rapid Response Strategies.  Early detection and timely control of 
invasive weeds is the second line of defense in a WPA.  It will be essential to develop 
strategies for detecting invasive weeds that have spread from containment zones, or from 
outside the WPA.  Detection efforts should be directed towards areas where weeds are most 
likely to be introduced and become established.  A reporting system will need to be in place 
so that as new populations are found they can be flagged, marked on a map or pinpointed 
with a GPS and reported.  One idea used by a WPA in Montana was to set up a 1-800 hotline 
where new infestations could be reported.  During this planning process consider how early 
detection/rapid response strategies could be carried out in conjunction with the mapping 
program.  
To develop effective early detection/rapid response strategies consider the following 
questions: 
1. Where are the high risk sites (pathways of weed invasion) located within the WPA? 
2. Who or where will new infestations be reported to? 
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3. Who will record the location of new infestations?  How will they be recorded? 
4. How will these new infestations be eradicated? 
Mapping Strategies.   An effective weed management plan requires a clear picture of 
the relative abundance and distribution of the invasive plants present.  For this reason, 
invasive weed detection is the most intensive activity within a WPA and should be initiated 
as soon as possible.  Initially CWMA or other weed maps of the area can be utilized if they 
are available.  Comprehensive distribution maps of the invasive weeds are valuable tools that 
can be used to:  identify weed-free areas, discover routes or pathways of seed dispersal, and 
help determine the order of priorities for managing invasive species based upon their 
distribution and the overall number of acres infested.  They also provide baseline data from 
which the long term success of the WPA can be evaluated.  To establish a long term mapping 
program consider the following questions: 
1. Who will be conducting the weed mapping?   
A private contractor in the region could be hired to conduct the weed inventories, 
analyze the collected information, and create the distribution maps.  An alternative may be 
for the community to develop their own funded program.  High school students or other 
interested individuals could be hired and trained to map each summer within the WPA 
boundaries.    Workshops could also be held to train landowners to identify invasive weed 
species and record patches using simple Garmin GPS units or a 7.5 minute topographic map.  
All collected information would then be managed by either the WPA leaders or the weed 
coordinator.   
If the WPA chooses to develop their own mapping program, there are several 
associated costs to be aware of.  These include providing equipment (GPS units, 
rangefinders, and compasses), hiring crews, training, and time spent processing data and 
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preparing reports.  Some hidden costs include equipment maintenance, site licenses for GIS 
software, field maps, and notebooks (10).   
2. What techniques will the WPA use to collect weed data?      
A variety of weed mapping methods and techniques exist and it can be difficult to 
determine the best approach.  Consider how the collected data will be used to achieve the 
goals and objectives of the WPA.  Will the information be used primarily to develop 
treatment strategies or will it be used for monitoring purposes?  How much detail is required?   
It is also important to consider possible constraints including how much time, labor, and 
funding is available.   A useful weed map requires four key ingredients:  species, location, 
approximate infestation size, and canopy cover.  Other information can be collected for 
monitoring purposes, but the cost of mapping per acre increases as the level of detail required 
increases.  In addition, the simpler the program is the easier it will be to manage and 
maintain.     
Weed infestations can be hand-drawn on topographic maps, recorded using Global 
Positioning System (GPS) technology, or mapped using remote sensing.  Method selection 
depends largely upon the equipment available, terrain, and personal preferences.   Individual 
weed patches can be depicted using point, line, or polygon features.  Point features are 
typically the fastest and most cost-effective technique, and can indicate the location and 
approximate size category of the infestation.  They do not represent the actual shape of the 
patch and are not the best for detailed monitoring of patch perimeters.  Line features are 
useful to depict continuous, uniform infestations that follow linear shapes such as along 
roads, trails, or waterways.  Polygons can be used to illustrate the approximate shape and 
location of a patch, which is useful for measuring changes over time.  The accuracy of patch 
size varies depending on whether the polygon was simply drawn on a GPS screen or by 
walking the patch perimeter (10).   
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Although every situation is different, there are basic elements that can help ensure 
that quality weed data is collected.  Outlined briefly below are several components of Utah 
State University’s Wildland Weed Mapping Methods developed by Andersen and Dewey 
(10).   No matter what mapping method is used consideration of these basic components can 
help in the development of a weed mapping program. 
a) Effective Detection Distance.  Before beginning, the surveyor should determine the 
maximum distance at which the targeted plant species can still confidently be 
detected in the given terrain.  This is the Effective Detection Distance (EDD).  
Multiplying the EDD by two gives the maximum width of a walking search pattern 
called an Effective Detection Swath Width (EDSW).  A typical EDSW is 50 yards 
(meters), but this will vary according to the terrain, vegetative cover, and size and 
visibility of targeted weed species.  If terrain is rough, vegetative cover is thick, or the 
size of the targeted species is small, visibility decreases, requiring a decrease in the 
EDD. 
b) Patch Size Resolution.  Determine the minimum distance required between two 
weeds or patches of the same species to be considered separate infestations.  This is 
called the Patch Size Resolution (PSR).   Plants separated by the PSR or more should 
then be mapped as separate infestations.  A PSR of 25 or 50 yards (meters) is 
recommended.  A smaller PSR provides greater detail in weed distribution. 
c) Flat Terrain.  For full coverage surveys on relatively flat terrain, follow straight 
parallel lines, called transects, determined by a compass bearing or a UTM Northing 
or Easting.  Transects should be spaced one EDSW apart to ensure a full coverage 
search.  
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d) Rough Terrain.  For full coverage surveys in hilly terrain, surveyors should walk as 
perpendicular to the direction of the slope as possible following contours spaced one 
EDSW apart to minimize physical exertion. 
e)  Roads and Trails.  When conducting surveys along roads, trails, or waterways, 
visually search the area thoroughly 25 yards (meters) to the left and right as you 
travel. 
f) Recording Patches. Weed infestations can be recorded as points, lines, or polygons.  
Points are the simplest method and are sufficient in most cases.  To map an 
infestation as a point, walk to the center of the patch.  Determine if the patch more 
closely resembles a square or a circle.  Using a handheld laser rangefinder, measure 
to multiple locations on the patch’s edge.  The average of these measurements 
provides an approximate estimate of the square yards or radius of the patch.  The 
patch can then be assigned a patch size category (Table 1).  Patch size categories have 
established upper and lower limits set in both square yards and radius.  For example, 
0.1 of an acre has a lower limit radius of 1.75 yards and an upper limit radius of 5.3 
yards.  Any average patch measurements which fell between these limits would be 
Table 2-1. Patch size categories used by USU Wildland Weed Mapping. 
Acres Sq yards Radius (yds) Visual estimate 
single plant N/A N/A single plant 
0.001 (few) 4.8 1.25 1 arm span 
Limit 9.7 1.75  
0.01 48 4 4 person tent 
Limit 87  5.3  
0.1 484 12 2 full-size trucks 
Limit 881 16.8  
0.25 1,120 20 1 small house 
Limit 1,539 28  
0.5 2,420 28 2 small houses 
Limit 3,301  32.4  
1.0 4,850 39 1 football field 
Limit 6,379 45.1  
2.5 12,100 62 1 city block 
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considered a 0.1 acre patch.   
g)  Canopy Cover.  Percent canopy cover is calculated by visualizing the shape and size 
of the infestation, estimating the percentage of 
the surface areas covered by the weed canopy, 
and then assigning the closest canopy cover 
category (Table 2).  Canopy cover provides an 
estimate of the percentage of land within the 
infested area that would need to be treated if 
herbicide were applied.    
3. Where will you begin weed mapping? How many acres should be mapped each 
year?  Could the WPA be divided into zones and mapped individually each year? 
Due to limited resources, it will likely not be feasible to survey the entire WPA at 
once, but the goal should be to map as many acres as possible each year.  The most cost-
effective method is to prioritize areas so that high risk sites are inventoried first.  The 
possibility of detecting new invading species decreases as you move away from these areas.  
High risk sites act as pathways of weed dispersal and are often high use areas or disturbed 
sites, such as roads, trails, waterways, recreation sites, and animal migration or livestock 
trails.  Large portions of low risk land when inventoried each year confirm weed-free status 
or detect satellite infestations.  By maintaining a detailed schedule high risk sites are re-
inventoried every 3-5 years and low risk sites every 10 years.  As information is collected, 
sub-areas can be delineated allowing specific prevention objectives and outcomes to be 
developed for more manageable areas.  This could even include developing ranch/farm weed 
management plans with landowners.   
 
Table 2-2. Canopy cover 
categories used by USU Wildland 
Weed Mapping.  
Canopy cover Percentage 
Not applicable Not applicable 
Trace < 1% 
Low 1-5% 
Moderate 6-25% 
High 26-50% 
Majority 51-100% 
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Did You Know? 
 
Weed Prevention Areas (WPAs) are an important component 
in Ecologically-Based Invasive Plant Management (EBIPM).  
EBIPM is a new decision-making model developed to help 
land managers apply ecological principles to the problem of 
weed invasion.  With this model land managers can address 
the underlying causes of weed invasion by implementing site 
specific weed management strategies that influence basic 
ecological processes.  The EBIPM model is based upon three 
general causes of succession (progression of plant species 
that appear on a landscape over time):   
 
 Site availability:  niches (safe sites) providing the 
necessary resources for a plant to grow. 
 
 Species availability: the presence or absence of 
viable propagules in the soil seedbank. 
 
 Species performance:  how well a species responds 
to different environmental conditions. 
 
WPAs can have a significant impact on the species 
availability in an area.    Using weed prevention and early 
detection strategies allows land managers to interrupt the 
production and dispersal of weed seeds over the landscape.  
This reduces the number of viable weed propagules in the 
soil seedbank and gives desirable plant species a chance to 
establish and become more competitive.  For more 
information on EBIPM visit www.ebipm.org. 
 
Ecosystem Management.   Maintaining healthy and competitive plant communities 
discourages weed establishment and increases the effectiveness of weed control.  
Management strategies should integrate a combination of methods to encourage the 
persistence of desirable ecosystems.  This could include proper grazing management such as 
pasture rotation, altering season 
of use, or multi-species 
grazing, or the promotion of 
natural disturbance regimes 
such as fires.  It could also 
include practices such as 
roadside and waterway 
integrated vegetation 
management.  For more in 
depth information on managing 
invasive species using 
integrated methods see the 
resources section on 
Ecologically-Based Invasive 
Plant Management (EBIPM). 
Awareness and Educational Programs.  Another major component of a WPA is the 
development of awareness and education programs.  It is this aspect of the WPA where many 
members of a community can be involved helping raise the level of awareness in protecting 
the community’s natural resources.  The sky is the limit with the ideas and programs 
generated by community members.  Programs that can be implemented to bring the 
community together will have a significant impact on the overall success of the program.  
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There are many ways to insert weed awareness programs with other community events and 
even community service.  A number of opportunities and ideas include (but are not limited 
to): 
 Strategically placed signs, fliers, and roadside kiosks explaining the need for weed 
prevention and what can be done to help community prevention efforts. 
 A monthly newsletter or section in the local newspaper providing weed prevention 
tips, control strategies, and basic information on dangerous invasive species within 
the WPA  
 Calendars highlighting important natural resources within the community and what 
can be done to protect them. 
 Annual field tours allowing private citizens and county weed leaders to share 
knowledge and evaluate the effectiveness of weed prevention and early control 
efforts. 
 A small booth at community events providing information on invasive weeds in the 
area, weed prevention, WPAs, and upcoming activities. 
 Workshops teaching interested individuals how to identify weed species, record weed 
infestations using a basic GPS unit or topographic map, and apply control techniques 
 Youth summer employment opportunities to map weeds within the WPA. 
 A poster drawing competition for grades K-6 emphasizing the need for weed 
prevention  
 Service opportunities for scouts, FFA, and 4-H to help control patches of invasive 
weeds or restore disturbed areas in order to prevent invasive weeds from becoming 
established. 
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Template for a WPA Action Plan 
WPA Name: ____________________________________________________________ 
 
WPA Coordinator Contacts: ______________________________________________ 
 
Vision: _________________________________________________________________ 
  
Goals: _________________________________________________________________ 
________________________________________________________________________ 
  
Objectives: _____________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
People Involved and Partner Groups: 
Person or Group Primary Role/Commitments 
  
 
 
 
 
Prioritized Weed List: 
Common Name Scientific Name Management Objective 
   
 
 
  
 
Prevention Strategies: ____________________________________________________ 
________________________________________________________________________
________________________________________________________________________ 
 
Early Detection/Rapid Response Strategies:  _________________________________ 
________________________________________________________________________
________________________________________________________________________ 
 
Mapping Strategies:  _____________________________________________________ 
________________________________________________________________________
________________________________________________________________________ 
 
Ecosystem Strategies: ____________________________________________________ 
________________________________________________________________________
________________________________________________________________________ 
 
Education and Awareness Programs: ______________________________________________ 
_______________________________________________________________________________
_______________________________________________________________________________ 
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Resources for Developing the WPA Action 
Plan 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sources for more information concerning invasive weed prevention strategies. 
 
Clark, J.  2003.  Invasive Plant Prevention Guidelines.  Center for Invasive Plant Management.  
http://www.weedcenter.org/store/docs/CIPM_prevention.pdf  
 
Goodwin, K. and J. Jacobs.  2007.  Developing Invasive Weed Prevention Areas for Rangeland 
Ecosystems.  Invasive Species Technical Note Number MT-15. 
http://www.mt.nrcs.usda.gov/technical/ecs/invasive/technotes/invasivetechnotemt15/ 
 
McNamara, D.  2007.  Invasive Free Zone Guidebook.  U.S. Fish and Wildlife Service.  
http://www.fws.gov/midwest/whittleseycreek/documents/IFZGuidebook.pdf 
 
USDA.  Forest Service.  2001.  Guide to Noxious Weed Prevention Practices.  Version 1.  
http://www.fs.fed.us/rangelands/ftp/invasives/documents/GuidetoNoxWeedPrevPractices_07052
001.pdf  
 
USDA.  Agricultural Research Service.  2010.  Area-Wide Ecologically Based Invasive Plant 
Management (EBIPM).  The Weed Wheel.  http://www.ebipm.org/content/1105  
 
Sources for more information regarding early detection/rapid response strategies. 
 
Federal Interagency Committee for the Management of Noxious and Exotic Weeds.  2003.  A 
National Early Detection and Rapid Response System for Invasive Plants in the United States:  
Conceptual Design.  http://www.fws.gov/ficmnew/FICMNEW_EDRR_FINAL.pdf  
 
U.S. Geological Survey/ National Park Service.  2007.  Early Detection of Invasive Plant Species 
Handbook.  http://www.pwrc.usgs.gov/brd/invasivehandbook.cfm  
 
 
 
Sources of information about weed mapping methods, protocols, and programs. 
 
Andersen, K.A. and S.A. Dewey. 2007.  USU Wildland Weed Mapping Methods Training 
Supplement.  Master Thesis.  Utah State University.  Logan, UT.  107pp. plus appendix. 
 
DiPietro, D., M. Kelly, S. Schoenig, D. Johnson, and R. Yacoub.  2002.  California Weed 
Mapping Handbook.  California Department of Food and Agriculture.  
http://cain.ice.ucdavis.edu/weedhandbook  
 
Rew, L.J., and M.L. Pokorny.   2006.  Inventory and Survey Methods for Non-indigenous Plant 
Species.  Bozeman, MT:  Montana State University Extension. 
http://www.cof.orst.edu/cof/teach/fs548/pdfs/Wk3Inventory.pdf  
 
North American Weed Management Association (NAWMA).  2002.  North American Invasive 
Plant Mapping Standards.  http://www.nawma.org/Mappingpg.html  
 
The Nature Conservancy.  2007.  The Global Invasive Species Team.  Weed Information 
Management System v.3.0.  An Application Tool for Invasive Species Management.   
http://tncinvasives.ucdavis.edu/wims.html  
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Resources for Developing the WPA Action 
Plan 
 
 
  
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tools and other resources to help develop ecosystem management strategies. 
 
USDA.  Agricultural Research Service.  2010.  Area-Wide Ecologically Based Invasive Plant 
Management (EBIPM).  http://www.ebipm.org/content/1105  
 
ATTRA.  National Sustainable Agriculture Information Service.  Pasture, Rangeland, and 
Grazing Management.  http://www.attra.ncat.org/attra-pub/livestock/pasture.html  
 
Rangelands West.  http://rangelandswest.arid.arizona.edu/rangelandswest/   
 
Center for Invasive Plant Management (CIPM).  Resource Directory.  Management.  
Principles of Ecologically-Based Management.  
http://www.weedcenter.org/management/ecological.html  
 
 
 
 
Resources for use in development of education and awareness programs. 
Montana’s Statewide Noxious Weed Awareness and Education Program.  Pulling Together 
Against Noxious Weeds.  http://www.weedawareness.org/  
 
Idaho Weed Awareness Campaign.  Pulling Together Against Invasive Weeds. 
http://www.idahoweedawareness.com/  
 
The Nature Conservancy (TNC).  The Global Invasive Specie Team.  Volunteer 
Coordination and Outreach Tools.  http://www.invasive.org/gist/outreach.html  
 
USDA.  National Agricultural Library.  National Invasive Species Information Center.  
Plants.  Educational Resources.  http://www.invasivespeciesinfo.gov/plants/education.shtml  
 
 
 
 
   
 
 
 
Links for information on general invasive weed identification, biology, and control. 
 
Center for Invasive Plant Management (CIPM).     Definitions, Identification, and Biology.  
http://www.weedcenter.org/inv_plant_info/definitions.html   
 
USDA.  National Agricultural Library.  National Invasive Species Information Center.  
Plants.   Management.   
http://www.invasivespeciesinfo.gov/plants/control.shtml  
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V. Implementing the Action Plan 
Approve the WPA Action Plan 
Although members of the community will be involved throughout the development of 
the WPA they may not be aware of the entire plan.  Once the Weed Prevention action plan is 
completed, another meeting should be held allowing community members to view the final 
document and provide feedback.  It is important that everyone involved understands what 
will be expected of them if they approve the document.  
Put the Plan in Motion 
The elected leaders of the WPA will be responsible for managing the projects 
outlined by the action plan.  For each project a timeline for implementation and completion, 
expected expenses, and expected outcomes will need to be specified.  A sample project 
planning sheet is provided on page 48.  Members of the WPA will also need to be organized 
to ensure that there is adequate help to carry out each project and that their responsibilities 
are clearly defined.  If funding allows, the WPA could hire or appoint a WPA coordinator.  
This person would be in charge of the day-to-day responsibilities such as scheduling and 
spraying weed infestations, overseeing weed mapping, and managing maps, data, and other 
information.  A coordinator would work in conjunction with elected leaders of the WPA and 
allow them to place more focus on administrative activities. 
Monitoring and Keeping Records 
Monitoring weed infestations and keeping good records are a vital part of any weed 
management plan.  Anytime a weed infestation is treated, basic information regarding the 
species treated, its location, and treatment method should be noted.  This information is 
useful in evaluating the effectiveness of treatment methods and planning future applications.  
It also provides organization to the WPA and ensures that resources are utilized efficiently.  
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For this reason all WPA members should be encouraged to record treatment information.  A 
sample treatment sheet is provided on page 49. 
Funding WPA Activities 
No matter how enthusiastic individuals are about becoming involved and sharing 
resources, the WPA will likely fail if adequate funding is not available to support 
management activities.  For this reason, WPA leaders should make securing additional funds 
a top priority.  When applying for grants consider these unique features of a WPA as selling 
points: 
 Partnership - A WPA is a cooperative prevention system and fosters collaboration 
across boundaries to include public and private land managers, government agencies, 
special interest groups, and concerned citizens. 
 Grassroots - A WPA is created and implemented at the local level, allowing it to 
better fit the needs and circumstances of the community. 
 Proactive - A WPA is a new approach to an old problem.  Rather than waiting for 
invasive weeds to become a major problem, members take steps to protect valuable 
resources from becoming degraded or altered.   
 Weed Free - The land within a WPA is essentially weed-free but is threatened by 
invasion.  By investing in protecting this land and its resources now, large damage 
and control costs can be avoided. 
Information on where to obtain funding and how to apply is listed under the Additional 
Resources on page 50. 
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Sample Project Planning Sheet  
WPA Name: ____________________________________________________________ 
 
WPA Coordinator Contacts: ______________________________________________ 
 
Goals: _________________________________________________________________ 
 
Objectives: _____________________________________________________________ 
________________________________________________________________________
________________________________________________________________________ 
 
Prevention Strategies: 
Activities People Involved Expected Cost Timeline Expected 
Outcomes 
     
 
 
    
 
Early Detection/Rapid Response Strategies: 
Activities People Involved Expected Cost Timeline Expected 
Outcomes 
     
 
 
    
 
Mapping Strategies:   
Activities People Involved Expected Cost Timeline Expected 
Outcomes 
     
 
 
    
 
Ecosystem Strategies:  
Activities People Involved Expected Cost Timeline Expected 
Outcomes 
     
 
 
    
 
Education and Awareness Program:  
Activities People Involved Expected Cost Timeline Expected 
Outcomes 
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Sample Weed Treatment Form 
WPA Name: ____________________________________________________________ 
 
Date: ___________________________        Time: ______________________________  
 
Location of Application (include GPS or map coordinates and land description ):  
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
 
Landowner Information: __________________________________________________ 
________________________________________________________________________ 
 
People Involved: ________________________________________________________ 
________________________________________________________________________ 
 
Species Information: 
Target Species: ___________________________________________________________ 
 
Growth Stage:  height_____   leaves        rosette        boot       early headed      headed         
 
                                                      anthesis    shoot          bud         flower           senescence 
Treatment Method: 
________________________________________________________________________ 
________________________________________________________________________
________________________________________________________________________ 
     
Herbicide Information (If applicable): 
 
Herbicide Trade Name: ________________              Active Ingredient: ______________ 
 
Concentration: _______________________              Application Rate: ______________ 
 
Method of Application: ________________                Applicator: __________________ 
 
Weather Conditions: ______________________________________________________ 
 
Acres Treated: ____________ 
 
Additional Information: 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
__________________________________________________________________ 
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Additional Resources for Implementing the 
WPA Action Plan 
Potential sources of funding for invasive species management programs.  
 
Center for Invasive Plant Management (CIPM).  Resource Directory.  Funding Opportunities.  
http://www.weedcenter.org/funding/funding.html 
 
National Fish and Wildlife Foundation.  Grant Programs.  Pulling Together Initiative.  
http://www.nfwf.org/AM/Template.cfm?Section=Charter_Programs_List&TEMPLATE=/C
M/HTMLDisplay.cfm&CONTENTID=16527  
 
Sustainable Agriculture Research & Education (SARE).   Apply for Grants.  
http://www.sare.org/grants/  
 
USDA.  National Agricultural Library.  Rural Information Center.  A Guide to Funding 
Resources.  http://www.nal.usda.gov/ric/ricpubs/fundguide.html#fdatabase 
 
USDA National Invasive Species Information Center, Manager’s Tool Kit—Grants and 
Funding.  http://www.invasivespeciesinfo.gov/toolkit/grants.shtml 
 
 
 
 
 
 
 
Tips and other information for writing and submitting grant proposals. 
 
Center for Invasive Plant Management (CIPM).  Resource Directory.  Grant Writing Tips.  
http://www.weedcenter.org/funding/grantW.html 
 
USDA.  National Agricultural Library.  Rural Information Center.  A Guide to Funding 
Resources.  http://www.nal.usda.gov/ric/ricpubs/fundguide.html#fdatabase 
 
Marshall, M.I., A. Johnson, J. Fulton.  2006.  Writing a Successful Grant Proposal.  Purdue 
University Extension.  http://www.extension.purdue.edu/extmedia/EC/EC-737.pdf  
 
Western Sustainable Agriculture Research & Education (SARE).  Tips on Writing a 
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VI. Evaluating the Action Plan 
The success of a WPA depends upon stopping invasive plants before they have a 
chance to spread and become well established in an area.  The challenge is, invasive plants 
are a dynamic problem and are constantly changing in response to environment and 
management factors.  If a WPA is reactive rather than proactive in addressing these 
challenges, management efforts will fail to make a difference.  For this reason it is important 
for the WPA action plan to be dynamic as well.  To achieve this, it will be critical for the plan 
to be evaluated at least once annually to determine how effective the implemented strategies 
are and if the WPA goals are being met.  If strategies are not helping the WPA meet its goals, 
alternative strategies should be developed and implemented. 
1. Short Term:   A community meeting should be held at least once annually to review 
progress towards meeting objectives and goals and evaluate the effectiveness of the 
action plan.  In the short-term, the plan can be evaluated by considering the 
prevention strategies implemented and determining if there are critical components 
missing.  Are there strategies or steps that have proven not to be practical and should 
be changed?  Efficacy can also be measured by the number of landowners 
participating in the WPA and the number of new invasions located, reported, and 
controlled due to inventory efforts.   
2. Long Term.  The long term effectiveness of the WPA will require several years to 
document.  After the WPA has collected several years’ worth of data, it can be 
compared and evaluated to determine if implemented strategies are causing a 
decrease in the abundance of invasive species.  Management progress and patterns 
can be identified by comparing the approximate number of acres infested, and the 
total number of infestations, between the years of interest.  
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Summary 
Invasive weeds are a serious environmental and economic threat to rural communities as 
they displace desirable species, alter ecological processes, decrease forage and crop yields, reduce 
wildlife habitat, and diminish land value.   Although prevention is not a new idea, starting a Weed 
Prevention Area (WPA) opens the door to many new, exciting possibilities.  As community 
members work together, more resources, energy, creativity, and support become available to stop 
the continued spread of invasive weeds.  Through proactive, coordinated management efforts, 
rural livelihoods and valuable community resources can be protected from the costly, damaging 
effects of invasive weeds and preserved for the future.  
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CHAPTER 3 
IDENTIFYING MANAGEMENT PRIORITIES IN WEED PREVENTION AREAS 
 
Abstract 
 
 
 Invasive weeds pose a serious economic and environmental threat.  The scale of 
this problem makes it impossible for land mangers to control every infestation with the 
limited resources available.  As a result it is important for land managers to establish 
weed management priorities to utilize resources efficiently.  The purposes of this study 
were to 1) help newly established WPAs in Paradise, Utah, and Park Valley, Utah, 
identify weed management priorities, and 2) collect baseline data for evaluating the 
effectiveness of these WPAs in 2012.  Each WPA was paired with a non-WPA 
community.  On-the-ground GPS vegetation inventories were conducted to determine the 
initial abundance and general distribution of selected non-native weed species on a 
representative 2,400 acres in each area.  Targeted weeds infested a total of 993 acres in 
Paradise and 305 acres in Park Valley.  Local or state noxious weed lists were used to 
identify species which should be targeted for prevention within the WPA.  Species 
infesting one hectare or less were considered in the early stages of development and 
targeted for eradication.  Species more widely distributed and abundant were given a 
containment priority.  Highest priority in each stage was given to species which have the 
potential to cause the greatest economic and environmental harm.  Priority sites for 
management included: waterways, areas frequently used or disturbed by humans, and 
areas of heavy livestock concentration and utilization.  These areas have the highest risk 
for weed invasion due to high levels of disturbance and propagule pressure.  
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Introduction 
 
Invasive weeds currently infest millions of hectares of land in the United States.  
These plants continue to spread at an estimated rate of 8 to 14% per year (DiTomaso 
2000), further threatening and degrading valuable resources.  The scale of this problem 
makes it impossible for land managers to control every infestation with the limited 
resources available (Hobbs and Humphries 1995).  As a result, land managers must 
develop weed management plans that are prioritized according to both species and sites if 
resources are to be utilized effectively (Brooks and Klinger 2007).  Unfortunately, 
identifying management priorities is not always a straightforward process.   This is due, 
in part, to the lack of data available regarding specific non-native plants and their 
potential for further invasion, rate of spread, and environmental impacts (Mack et al. 
2000; Skinner et al. 2000).    
Multiple predictive and prioritization systems have been developed in an attempt 
to rank non-native plants for control efforts at the state, regional or national level.  
Although each system takes a different approach, four factors typically evaluated in 
combination include: the relative economic or ecological threat of the non-native plant 
species, the potential of a species to establish and spread rapidly, the potential geographic 
or ecological range of a non-native plant species, and the feasibility of control for each 
included species.  A weighted sum is calculated, which assigns each species a priority 
ranking (Brooks and Klinger 2007; Randall et al. 2008).   
As part of the Early Detection of Invasive Species Handbook developed by the 
National Park Service and U.S. Geological Survey, Brooks and Klinger (2007) modified 
these systems of prioritization for control efforts to create a system for prioritizing early 
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detection monitoring efforts.  The main difference in this system is that species which are 
more difficult to control are given a higher priority in order to prevent further 
establishment. Ultimately, priority rankings are developed based upon an understanding 
of the stages of invasion. This is because management objectives and the relative 
importance of attributes used to classify species differ between stages (Brooks and 
Klinger 2007; Masters and Sheley 2001).   
There are essentially four stages of invasion:  1) introduction, 2) establishment, 3) 
spread, and 4) equilibrium.  The first stage involves the transport of non-native plant 
propagules into new areas, and has been facilitated to a large extent by human activities 
(Sharma 2005; Williamson and Fitter 1996).  Animals, wind, and water also serve as 
important natural vectors of seed dispersal (Cosyns et al. 2005; Davies and Sheley 2007; 
De Clerck-Floate 1997).   
Preventing the introduction of new invasive species into an area has been 
identified repeatedly in literature as the most practical, cost effective method for 
managing invasive weeds (Dewey et al. 1995; Harrod 2001; Mack et al. 2000; Sheley et 
al. 1996).  In terms of prevention, management priorities should focus on identifying 
pathways of seed dispersal and specific actions to interrupt those pathways, reducing the 
likelihood of new invasions or further spread of weeds into currently un-infested areas.  
This could include limiting soil disturbances, cleaning equipment before leaving a weed 
infested area, feeding animals weed free forage, or maintaining healthy ecosystems 
(Clark 2003; Davies and Sheley 2007).  Species priorities in this stage should be 
developed based upon their potential to be invasive, actual extent of non-native range and 
the type of ecosystems in which they are invasive (Brooks and Klinger 2007).   Key 
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factors in determining a plants’ potential to be invasive are similarities in climate 
between native and non-native ranges, history of spread, and ability to germinate 
(Zamora et al. 1989). 
The successful establishment of non-native plants is related to species traits which 
allow the plant to respond to local environmental factors (Mack et al. 2000; Theoharides 
and Dukes 2007).  During this stage many non-native plants experience a lag phase in 
which population growth is slow.  These lag phases may be due to a lack of suitable 
habitat, limited genetic variability, insufficient propagules pressure, or simply the 
inability to detect or recognize new invaders because patches are small and widely 
scattered (Crooks 2005). 
The small infestations and slow growth typical of weeds in the establishment 
stage provide managers the opportunity to eradicate invading weeds before they begin to 
spread. Eradication is the complete destruction and removal of every propagule from an 
area (Zamora et al. 1989).  Failing to detect and control a new weed population soon after 
its introduction, while it is in the lag phase, may eliminate the possibility of eradication 
(Dewey et al. 1995).  Eradication is most feasible when infestations are smaller than 1 
hectare in size and distributed over a limited area.  Approximately 1/3 of infestations 
between 1 hectare and 100 hectares and 1/4 of infestations 101 hectares to 1000 hectares 
have been successfully eradicated, but at a much greater expense (Rejmanek and Pitcairn 
2002).  Whenever eradication efforts are delayed costs increase rapidly due to economic 
and environmental effects of expanding weed populations (Smith et al. 1999).   Each 
species’ economic and ecological impacts, distribution and abundance, life history 
characteristics, regional range, and management feasibility should be carefully 
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considered.  Those species with the potential to spread the fastest or have the greatest 
impacts are given the highest priority (Brooks and Klinger 2007).  
Once established, rapid spread of non-native plant populations is generally 
triggered by increased propagule pressure and a change in environmental factors.  
Propagule pressure is influenced by the accidental or intentional dispersal of propagules 
by transport vectors including:  humans, roads, and animals (Theoharides and Dukes 
2007).  A shift in abiotic factors is often caused by disturbance events such as fire, 
grazing, storms, and floods (Hobbs and Huenneke 1992).  Disturbance events reduce 
competition from other plants, alter plant resource availability levels, and stimulate 
germination, resulting in microenvironments in which non-native plants are able to 
quickly proliferate (Hierro et al. 2006).    The degree of disturbance is related to the 
predominate type of land use (Brooks 2007; Lundgren 2004).  Eventually the invasive 
species reaches the bounds of its new range causing the population growth rate to 
decrease until equilibrium is reached (Mack et al. 2000; Williamson and Fitter 1996).   
When infestations have become well established and begin to expand control 
methods should emphasize reducing the impact of the invasive species to an acceptable 
level and preventing the infestation from dominating the desirable plant community. 
Containment is the most reasonable management option for invasive species in the late 
stages of spread or equilibrium, due to their extensive distribution (Masters and Sheley 
2001).  Highest priority should be given to species which are spreading the most rapidly 
and which have the greatest negative impacts, but which can feasibly be managed 
successfully for containment and reduction (Brooks and Klinger 2007). 
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Prioritization of sites should be developed based upon ecosystem vulnerability 
and value in terms of production or conservation (Hobbs and Humphries 1995).  Two 
major factors that influence the vulnerability of an ecosystem to invasion are propagule 
pressure and resource availability.  Propagule pressure is related to the number of 
propagules (seeds/rhizomes) available in an area to establish or increase populations.  
The rate which plant propagules are dispersed within an area is closely related to the 
frequency and intensity of human activities.  Resource availability refers to the 
fluctuating supply of light, water, and mineral nutrients and their relative proportions 
unused by existing vegetation. The level of available plant resources within an ecosystem 
increases as the level of disturbance increases (Brooks 2007; Davis et al. 2000).  
Ultimately, sites that are the most susceptible to invasion are those that have both high 
resource availability and high propagule pressure, and should be given the highest 
priority.  Such areas include:  high use recreation areas, roadways, trails, rivers and 
streams, or land intensively grazed by livestock (Brooks and Klinger 2007).   
 Initially, a list of species with the greatest potential for invasion within an area 
can be identified by referring to state and county noxious weed lists.   Noxious weeds are 
plants that have been targeted by law for regulation due to their ability to spread and 
cause harmful ecological and environmental impacts (Skinner et al. 2000).  Many states 
are adopting tiered noxious weed lists which distinguish each listed noxious weed by the 
stage of invasion and appropriate control measures.  For example, in Utah there are three 
weed classes:  A, B, and C.  Class A weeds have a relatively low abundance within the 
state and are identified as Early Detection Rapid Response (EDRR) weeds.  Class B 
weeds are moderately abundant throughout the state but can still be controlled in most 
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areas.  Class C weeds are found extensively throughout the state and efforts are focused 
on containment through commerce regulation and the control of smaller infestations 
(Utah Weed Control Association).  Knowing whether a particular plant species is 
invasive elsewhere can give some indication of the invasiveness of an introduced plant 
species and its ecological and economic impacts (Rejmanek 2000).  This can help 
managers decide which species should be prevented, actively searched for, and controlled 
first if already present.  
Weed mapping plays a critical role in this process of developing priorities and 
effective management strategies by identifying what species are currently present in an 
area, where they are located, and how abundant they are.  Weed mapping refers to the 
process of gathering and recording data concerning weed problems, for later use in 
management decisions (Rew and Pokorny 2006).  Anderson and Dewey (2007) compare 
weed mapping to a doctor’s diagnosis.  Just as no medical treatment should be prescribed 
until a correct diagnosis is made, no effective management action can be taken until the 
weed problem has been correctly diagnosed.   
Data collected during weed mapping can be used to generate weed maps that 
elevate the awareness of weed problems both visually and quantitatively, which can lead 
to increased funding and support (Wilson et al. 1999).   Weed data and maps can provide 
continuity and accountability within a weed management program.  Baseline data is 
provided which, if repeated over time, gives insight into the effectiveness of the 
implemented management plan (Gores 2003).  Weed mapping also provides managers 
the necessary information to identify weed-free prevention priority areas, predict areas 
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potentially threatened by weed invasion, understand the invasion process, and determine 
how weeds are being spread (Cooksey and Sheley 1997).  
The purpose of this study was to demonstrate how weed management priorities 
can be identified within a Weed Prevention Area by helping two beginning Weed 
Prevention Areas develop their management plans.  The main objectives of this research 
were to 1) determine the initial abundance and distribution of invasive non-native plant 
species for use as baseline data, 2) determine the number of acres infested by invasive 
plants and the number of acres which are weed free, and 3) identify high priority areas 
and create a list of target invasive species for eradication and prevention efforts.   
 
Materials and Methods 
 
Study Sites.  A case study including two paired communities was created.  
Paradise and Park Valley, Utah were selected because they are beginning Weed 
Prevention Areas.  Paradise, Utah was paired with Clarkston, Utah, a ―non-WPA,‖ based 
upon similarities in population size, proximity to Utah State University, vegetative 
composition, socio-demographics, and land use.  They also share the same county weed 
agent.  Within both communities the soil moisture regime (SMR) is Xeric and the soil 
temperature regime (STR) is Mesic.   Park Valley, Utah, was paired with Almo, Idaho, a 
―non-WPA‖, based upon their locations on opposite sides of the Raft River Mountain 
range as well as similarities in population size, vegetative composition, and land use.  
Due to their location in different states they do not share a county weed agent and follow 
different rules and regulations in regards to weed management and control.  Within each 
of these communities the SMR is Aridic and the STR is Mesic. 
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Experiment Design.  In the summer of 2009, on the ground GPS vegetation 
surveys were conducted by a two member crew using Trimble XM and GeoExplorer 3 
GPS
1
 units.  Surveys were done to determine the initial abundance and general 
distribution of 52 non-native, highly invasive plant species.  Species were selected by 
compiling state noxious weed lists from Utah and Idaho (Table 3-1), with additional 
species added based upon perceived threat to selected communities.  These vegetation 
surveys will be repeated in the summer of 2011in order to evaluate the impact WPA’s 
have on the spread of invasive weeds. 
Surveys were conducted on a representative 971 hectare (2400 acre) portion of the 
landscape within each community.  Each 971 hectare portion was divided into four 
distinct, 243 hectare (600 acre) units, which were placed within the community to obtain 
a sampling of high use, moderate use, and low use areas with differing geographic 
features such as streams, pastures, and foothills.  Plots were first selected within the 
WPA’s by randomly selecting locations on the landscape using maps and aerial photos.  
On-site evaluation of plots was then done to determine if the selection criteria were 
adequately met.  Plots were then selected within the non-WPA communities based upon 
similarities to the WPA sites.   
Before beginning vegetation surveys the crew attended a 2-week training session 
hosted by Utah State University to learn methods and protocols for weed mapping.  
These published protocols developed and utilized by USU for wildland weed inventories 
conducted on National Park Service, BLM and Forest Service lands were implemented in 
each area (Andersen and Dewey 2007).  
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Data Collection. Clarkston, Utah, was inventoried on June 16-July 1and August 
18-20.  Paradise, Utah, was surveyed on July 7-14, August 21, 29, and September 19.  
Park Valley, Utah, was inventoried between July 20 and August 1.   Almo, Idaho, was 
surveyed from August 3-17.  
On-the-ground surveys used systematic, full-coverage search patterns at as fine a 
scale necessary to be confident that 90 to 100 percent of all target invasive weed 
infestations 0.0004 hectares (0.001 acre) or larger within the inventoried area were 
detected.  Search patterns varied within and between sites according to the terrain, 
vegetation cover, size and visibility of targeted weed species.  On relatively flat terrain 
search patterns followed straight parallel lines, called transects, spaced at regular 
intervals determined by a compass bearing or a UTM Northing or Easting.  In hilly 
terrain searchers walked as perpendicular to the direction of the slope as possible 
following contours at regularly spaced intervals to minimize physical exertion.  
Transect/contouring intervals were set individually by crew members determining 
their Effective Detection Swath Width (EDSW).  EDSW is the maximum width of a 
walking search pattern in which the surveyor can consistently and confidently detect a 
specified percentage of all the targeted invasive species. This also varied according to the 
terrain, vegetative cover, and relative size and visibility of the targeted weed species.  In 
heavy cover, rough terrain, and/or for species difficult to see, search pattern widths were 
as narrow as 30 meters (15 meters to the right and left of the surveyor).  In relatively 
open terrain and/or highly visible species, search pattern widths were as wide as 80 
meters (40 meters to the right and left of the surveyor).  Each crew member was assigned 
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to individually map smaller, easily defined and recognizable segments of the larger unit 
to prevent overlapping of searched areas (Anderson and Dewey 2007).   
The patch size resolution was set at 25 meters, and is considered the minimum 
distance between two weeds or patches of the same species that are considered separate 
infestations.  Plants separated by the patch size resolution (PSR) distance or more were 
recorded as separate infestations while plants separated by less than the PSR were 
mapped as a single infestation. Weed patches found were recorded by species, patch size 
category (Table 3-2), canopy cover category (Table 3-3), examiner, and date.    
Patch size was estimated by standing in the center of the patch and measuring to 
the outer edge using a hand-held laser rangefinder to calculate square yards or radius of 
the patch.  The patch was then assigned to the closest patch size category.  Patches which 
were less than 0.1 hectares (0.25 acres) were recorded as buffered points and patches 
greater than or equal to 0.1 hectares were recorded as screen-drawn polygons or buffered 
lines.  Percent cover was determined by visualizing the shape of the infestation, 
estimating the percentage of its surface area covered by the weed canopy, and assigning 
the closest canopy cover category.  This canopy cover provides an estimate of the 
percentage of land within the infested area that would need to be treated if herbicide were 
applied with a backpack sprayer. 
Data Management and Analysis.  Each evening GPS data files were 
downloaded onto a laptop and reviewed for accuracy by crew members.  Data records 
were edited, differentially corrected, and converted to ArcGIS shapefiles using 
Pathfinder
2
 software.  ArcGIS
3
 software was then used to calculate acres infested per 
weed species and total acres infested.  Points and lines were altered in size (buffered) 
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according to radius or width to reflect true patch size and as well as to increase visibility 
on maps.  Maps were then created using aerial images obtained from Utah GIS Portal
4
 
and Geospatial Data Gateway
5
.  All records were projected in the coordinate system 
NAD 1983, UTM Zone 12. 
 
Results and Discussion 
 
Paradise, Utah and Clarkston, Utah.  Overall, the field crew inventoried 1,003 
hectares (2,480 acres) in Paradise, Utah and 1,018 hectares (2,515 acres) in Clarkston, 
Utah during the summer of 2009.  Invasive plants infested a total of 402 hectares (993 
acres) in Paradise and 416 hectares (1,028 acres) in Clarkston equaling 40 percent and 41 
percent of the lands inventoried (Tables 3-4 and 3- 5).     
Sixteen of the 52 invasive plants included in the weed inventory were identified in 
each community (Tables 3-5 and 3-6).  Of these 16 weed species, 13 were found in both 
communities.   Dyer’s woad (Isatis tinctoria) was the most widespread of these species 
and was scattered throughout all units inventoried.  Other common species on all units 
included:  burdock (Arctium minus), houndstongue (Cynoglossum officinale), Canada 
thistle (Cirsium arvense), bull thistle (Cirsium vulgare), and poison hemlock (Conium 
maculatum).  Jointed goatgrass (Aegilops cylindrica) was commonly found on the 
Porcupine Dam and Stream Units in Paradise, while only 0.022 hectares (0.055 acres) 
were discovered in Clarkston on the Newton Dam Unit.  The less common species 
included:  hoary cress (Cardaria draba), Russian olive (Elaeagnus angustifolia), leafy 
spurge (Euphorbia esula), musk thistle (Carduus nutans), and Scotch thistle (Onopordum 
acanthium).  All of these species occurred mainly in cooler, moister areas such as along 
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the water’s edge, under trees, in meadows and up draws.  Medusahead (Taeniatherum 
caput-medusae) was abundant on all four units in Paradise but only one 0.001 acre patch 
was discovered on the Clarkston Stream Unit.  Patches were typically found on the 
steeper, drier, south facing slopes (Figures 3-1 to 3- 8).  
In Paradise two unique weed species were sulfur cinquefoil (Potentilla recta) and 
perennial sowthistle (Sonchus arvensis).  A few small infestations were discovered in 
meadows on the Foothills and Porcupine Dam Units.  Clarkston had three unique species: 
elongated mustard (Brassica elongata), saltcedar (Tamarix ramosissima), and dalmatian 
toadflax (Linaria dalmatica). Saltcedar and dalmatian toadflax were found around 
Newton Dam.  A single dalmatian toadflax plant was also found along the edge of a field 
on the Croplands Unit.  Elongated mustard was discovered on three units in Clarkston.  
The extent of this infestation is surprising because it has only recently been recognized as 
a new invading species in Cache County (Figures 3-1 to 3-8).     
Park Valley, Utah and Almo, Idaho.  Overall, the field crew inventoried 1,079 
hectares (2,667 acres) in Park Valley, Utah and 1,007 hectares (2,489 acres) in Almo, 
Idaho.  Invasive plants infested a total of 123 hectares (305 acres) in Park Valley and 30 
hectares (74 acres) in Almo, amounts equal to 11 percent and 4 percent of the lands 
inventoried (Tables 3-6 and 3-7).   
Of the 52 invasive weed species included in the weed inventory, 14 were 
discovered in Park Valley, Utah, and 13were found in Almo, Idaho.  Eight of these weed 
species were found in both Park Valley and Almo.  The most abundant species were 
Canada and bull thistle, and were found scattered within all units.    Hoary cress and 
perennial pepperweed (Lepidium latifolium) were moderately abundant on some units in 
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Park Valley while only 0.0008 hectares (0.002 acres) of hoary cress and 0.4 hectares 
(0.99 acres) of perennial pepperweed were discovered on the Almo units.  Musk thistle 
was the most abundant species in Almo while only a single 0.01 acre patch was found in 
Park Valley. Black henbane (Hyoscyamus niger), burdock, and Russian olive were found 
in both communities in relatively small amounts.  In general, these species preferred 
cooler, moister areas such as wet meadows, pastures, and along streams.  Bull thistle, 
musk thistle, black henbane and Russian olive infestations are exceptions to this and were 
found mainly in dry, sagebrush communities (Figures 3-9 to 3-16).  
Species found only in Park Valley were poison hemlock (Conium maculatum), 
houndstongue, Russian knapweed (Rhaponticum repens), saltcedar, Scotch thistle, and 
dyer’s woad.  Houndstongue and poison hemlock were discovered in the wetland area.  In 
addition, houndstongue was present along the mountain streams.  All other species were 
discovered in dry sagebrush or pinyon juniper communities.  The discovery of saltcedar 
in these dry habitats was very surprising because it is typically considered an invasive 
species of wetland and riparian areas (DiTomaso 1998).  Invasive species unique to Almo 
included: sulfur cinquefoil (Potentilla recta), diffuse knapweed (Centaurea diffusa), St. 
Johnswort (Hypericum perforatum), oxeye daisy (Leucanthemum vulgare), and perennial 
sowthistle.  All of these species were very small infestations approximately 0.04 hectares 
(0.1 acres) or less in size, and were discovered in pastures and meadows (Figures 3-9 to 
3- 16).   
Species Prioritization. The same prioritization strategies used in early detection 
and monitoring programs can be applied (with a few minor adjustments) when 
developing a management plan for a WPA.  As demonstrated, if a list of potential target 
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species does not already exist, one can be created initially by referring to county and state 
noxious weed lists in addition to local weed knowledge. Using local and adjacent state 
and county noxious weed lists helps narrow the list of invasive species to those with the 
greatest potential of being problematic within the designated area (Skinner et al. 2000). 
 The next step is to collect weed data to determine the current status of invasive 
weeds within the prevention area.  Data can be collected through an ―exploratory‖ 
inventory or survey of the designated area, which can then be used to create basic weed 
maps indicating species, general distribution, and relative abundance on the landscape 
(Rew and Pokorny 2006).  A number of different survey/inventory methods and sampling 
designs are available.  The ultimate goal should be to cover as many acres as possible at 
the lowest possible cost in order to obtain a clear picture of the weed problem (Andersen 
2007; Dewey and Anderson 2004; Rew and Pokorny 2006)  
Invasive species should then be organized according to their stage of invasion 
(Brooks and Klinger 2007; Masters and Sheley 2001).  Species not discovered within the 
boundaries of the WPA would be considered in the introduction phase.  These species 
would then be further prioritized by their potential to be invasive, extent of suitable 
habitat within the WPA, and their potential impacts (Brooks and Klinger 2007).  In 
Paradise high priority species in this category could include diffuse knapweed, Russian 
knapweed, and saltcedar.  These species are present in the northern end of the valley, 
which has a similar environment, and their ability to cause major ecological and 
environmental impacts is well documented (DiTomaso 1998; Duncan et al. 2004).  
Following this same process in Park Valley, high priority species could include 
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medusahead (Young and Evans 1970), spotted knapweed, and diffuse knapweed (Sheley 
1994). 
Species in the early stages of establishment could be considered those that were 
determined by weed surveys to infest a total of one hectare or less and have a fairly 
limited distribution (Rejmanek and Pitcairn 2002).  High priority species in this stage 
would be transformer species which can cause significant changes in the ecosystem they 
infest, and have life history characteristics which would allow them to spread rapidly 
(Brooks and Klinger 2007).   For example, in Park Valley only one dyer’s woad plant 
was within the surveyed area.  This weed can thrive in a variety of environments, spreads 
rapidly, and causes large economic impacts (Sheley 1994), as has been demonstrated in 
Cache County, Utah.  For this reason it should be considered a high priority species for 
the Park Valley WPA.  Other species in Park Valley in order of decreasing priority could 
be Russian knapweed, poison hemlock, Scotch thistle, musk thistle, black henbane, and 
Russian olive (Table 3-6).  In Paradise these species, in order of decreasing priority, 
could include leafy spurge, hoary cress, sulfur cinquefoil, Russian olive, and perennial 
sowthistle (Table 3-4).   
Species which are more widely distributed and abundant should be considered in 
the spread or equilibrium stages.  Management is focused primarily on the containment of 
existing populations (Masters and Sheley 2001).  Highest priority in these stages are 
given to species which are spreading at a more rapid rate, cause the greatest economic 
and environmental harm, and have the greatest likelihood of success for limiting further 
spread and reducing existing populations.  This will be dependent upon the size and 
distribution of the infestations as well as the effectiveness of available control methods 
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(Brooks and Klinger 2007).  In Paradise species included in these stages in order of 
decreasing priority could be: medusahead, jointed goatgrass, poison hemlock, Canada 
thistle, bull thistle, dyer’s woad, houndstongue, and common burdock.  In Park Valley 
species included in order of decreasing priority could be:  perennial pepperweed, hoary 
cress, saltcedar, houndstongue, bull thistle, Canada thistle, and common burdock.     
It is important to remember that the goal of a Weed Prevention Area is to protect 
land that is currently not infested.  For this reason, scale should be taken into careful 
consideration.  At the overall WPA level, certain invasive species may be quite abundant 
and unlikely high priority targets but within the WPA boundaries there may be large, 
well-defined portions of land that contain only a small number of infestations of that 
species or they may not be infested at all.  Such areas may be worth protecting from 
further invasion and should be evaluated to determine their potential to be invaded by a 
particular species, potential economic and environmental impacts, and options available 
for weed prevention and control.  For example, in Park Valley perennial pepperweed was 
found quite abundantly in moderately dense patches within three units but no infestations 
were found within the Foothills Unit.  There are two small streams located within the unit 
providing habitat ideal for the establishment of perennial pepperweed if seed were to be 
introduced into the area.  In addition, research and observations from other locations 
within the WPA indicate that once perennial pepperweed becomes established, it can 
easily spread and is very difficult to control (Young et al. 1995).  For these reasons the 
Foothills Unit, and other areas like it, should be protected through prevention and early 
detection efforts. 
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A regional scale should also be taken into consideration. The economic and 
environmental impacts of some species are so large even infestations over 1,000 hectares 
in size should be a high priority target for eradication or at least substantial reduction and 
containment (Rejmanek and Pitcairn 2002).  For example, in Paradise medusahead was 
found extensively within all four units with a typical canopy cover of high to majority 
indicating that this is a relatively low priority species within the WPA.  However, at a 
regional scale, Paradise contains one of the few known medusahead infestations and the 
majority of the land within the Intermountain West is currently not infested.  Medusahead 
is very similar to downy brome in its life cycle, growth habits, and ecological adaptations 
and they will typically grow together until medusahead becomes dominant and 
establishes monotypic stands (Bovey et al. 1961).  Considering the extensive range of 
downy brome throughout the West (Morrow and Stahlman 1984), allowing medusahead 
to continue to spread unchecked could have disastrous results.    
Site Prioritization. Early detection and eradication efforts are a critical 
component in protecting weed-free areas within a WPA (Goodwin and Jacobs 2007).  
The most effective method is to first focus early detection efforts on locations where new 
invaders have the greatest potential to be introduced and become established (Dewey and 
Anderson 2004).   Generally these high risk areas act as pathways of weed invasion and 
are typified by a high level of human use and/or disturbance (Brooks and Klinger 2007; 
Goodwin and Jacobs 2007).  Determining weed distribution trends can help identify 
where high risk areas are located within the WPA boundaries.  
Riparian areas are the highest risk areas for potential weed invasions within the 
Paradise and Park Valley WPA’s.  Within all four communities surveyed, the greatest 
71 
 
 
 
diversity and abundance of invasive plants were located in units, and sites within units, 
where moisture was readily available, such as waterways, pastures and meadows.  New 
invaders, such as musk thistle and hoary cress in Paradise or dyer’s woad in Park Valley, 
were also typically found in locations of both increased moisture and high use (Tables 3-
4 to 3- 6; Figures 3-1 to 3-4;  3-9 to 3-12).  Waterways generally have high resource 
availability due to productive soils and regular disturbances from channel movement, 
flooding, animal grazing, and human utilization.  Propagule pressure is also high, as weed 
seeds can easily be carried from infestations further upstream (Sheley et al. 1995). 
Areas frequently used or drastically disturbed by humans are the second highest 
risk areas within the boundaries of both WPA’s.  As the frequency and intensity of 
human activities increases so does the level of propagule pressure (Brooks 2007).  Within 
all four communities surveyed a greater diversity and abundance of species were located 
near roads, trails, campgrounds, and cultivated fields.  This is evident on the Porcupine 
Unit in Paradise (Figure 3-3).  The north side of the reservoir is heavily infested by weeds 
which are primarily located adjacent to the road and campgrounds.  In comparison, the 
south side of the reservoir is a restricted access area primarily used by livestock and only 
a small number of infestations are evident.  On the Campgrounds Unit in Park Valley the 
majority of the infestations identified occurred within 100 meters of the roads and 
campgrounds (Figure 3-9).   Despite high levels of propagule pressure, disturbed or high 
use areas with a low level of resource availability will ultimately have a lower diversity 
and abundance of invasive species than areas with high levels of resource availability 
(Brooks and Klinger 2007).  This is evident especially within the units inventoried in 
Park Valley.  The Campground unit was considered a high use area due to the level of 
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human disturbance but was found to have the smallest number of infested acres.  Water 
availability is extremely limited at this site, as indicated by the dominant pinyon 
juniper/sagebrush community, which inhibits the successful establishment of many 
invasive species in the area.   
The third highest priority sites within both WPA’s would be considered areas of 
heavy livestock concentration and utilization (Dewey and Anderson 2004).  Heavy 
livestock or wildlife grazing can open sites within the vegetative community for weed 
establishment (Hobbs and Huenneke 1992).  Domestic and wild animals can also 
transport invasive species propagules into new areas via digestion or attachment to the 
body (De Clerck-Floate 1997; Myers et al. 2004).  This is evident in Park Valley on the 
Foothills Unit (Figure 3-12) where the vegetation had been heavily disturbed in several 
areas due to the livestock’s tendency to congregate at different times of the day.   
Managing invasive non-native plants is a challenging task for land managers but 
setting priorities for invasive species and sites can help make weed management 
programs more effective.  When establishing invasive species priorities within a Weed 
Prevention Area it is important to consider not only the stage of invasion and rate of 
spread but the potential negative impacts at different geographic scales.  Site priorities 
within a Weed Prevention Area should focus first on locations with the greatest potential 
for introduction and establishment of new species.  Giving careful consideration to the 
selection of these priorities will enable stakeholders in a Weed Prevention Area to 
successfully protect valuable resources from potentially devastating invasive weeds. 
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Sources of Materials 
 
1
Trimble XM and GeoExplorer 3 GPS Units, Trimble, Sunnyvale, CA  94085. 
2
Pathfinder, version 2.90, Trimble, Sunnyvale, CA  94085. 
3
ArcGIS, version 9.3, ESRI, Broomfield, CO  80021. 
4
 High Resolution Orthophotography (HRO) 2006.  Utah GIS Portal. Available at 
http://gis.utah.gov/images/sgidraster/HRO2006JPGareas.html.  
5
 High Resolution Orthophotography (HRO) 2006.  Geospatial Data Gateway. Available 
at http://datagateway.nrcs.usda.gov/. 
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Hectares  Meters2 Radius 
single plant N/A N/A 
0.0004  4 1 
Limit 8 2 
0.004 40 4 
Limit 73 5 
0.04 405 11 
Limit 737 15 
0.1 936 18 
Limit 1,287 26 
0.2 2,023 26 
Limit 2,760 30 
0.4 4,055 36 
Limit 5,334 41 
1.0 10,117 57 
Limit 14,901 69 
 
 
 
Canopy cover Percentage 
Not Applicable Not Applicable 
Trace < 1% 
Low 1-5% 
Moderate 6-25% 
High 26-50% 
Majority 51-100% 
Beancaper, Syrian Knapweed, diffuse Sowthistle, perennial 
Bouncing Bet Knapweed, Russian Spurge, blue 
Buffalobur Knapweed, spotted Spurge, leafy 
Burdock, common Knapweed, squarrose St. Johnswort 
Bursage, skeletonleaf Knotweed, Japanese Tansy, common 
Cinquefoil, sulfur Loosestrife, purple Thistle, bull 
Crupina, common Medusahead Thistle, Canada 
Daisy, Oxeye Mullein, wand Thistle, musk 
Goatgrass, jointed Mustard, elongated Thistle, plumeless 
Goatsrue Mustard, garlic Thistle, Scotch 
Hawkweed, orange Nightshade, silverleaf Toadflax, Dalmation 
Hawkweed, yellow Olive, Russian Toadflax, yellow 
Hemlock, poison Pepperweed, perennial Tree of heaven 
Henbane, black Puncturevine Viper’s bugloss 
Hoary cress Ragwort, tansy Woad, dyer’s  
Horsenettle Saltcedar Other 
Houndstongue Scotch broom  
Knapweed, meadow Skeletonweed, rush  
Table 3-1 Species selected for weed mapping surveys from local and state noxious  
weed lists. 
 
Table 3-2.  Patch size categories used to estimate the acreage of a weed infestation. 
 
Table 3-3.  Canopy cover categories used to estimate the density of an infestation. 
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Species 
Number of 
patches 
Total area 
infested* 
High use 
(Porcupine Dam) 
Moderate use 
(Stream) 
Moderate use 
(Cropland) 
Low use 
(Foothills) 
 number acres number acres number acres 
numbe
r 
acres number Acres 
Burdock, common 152 74.13 19 0.489 104 69.156 28 0.291 0 0 
Cinquefoil, sulfur 22 0.13 0 0 0 0 0 0 22 0.13 
Goatgrass, jointed 156 82.49 61 13.403 12 4.896 82 64.184 1 0.001 
Hemlock, poison 95 2.01 5 0.004 41 0.396 3 0.011 46 1.243 
Hoary cress 6 0.042 0 0 6 0.042 0 0 0 0 
Houndstoungue 448 66.03 244 11.855 153 45.9844 13 0.0222 33 2.363 
Medusahead 414 427.2 118 52.248 122 127.222 94 225.276 80 20.477 
Olive, Russian 4 0.011 3 0.002 1 0.000023 0 0 3 0.011 
Other  6 0.04 0 0 2 0.002 0 0 0 0 
Sowthistle, perennial  4 0.002 0 0 3 0.002 0 0 1 .000023 
Spurge, leafy 21 1.62 0 0 20 0.62 0 0 1 1.0 
Thistle, bull  209 0.849 25 0.037 116 0.287 30 0.19 38 0.334 
Thistle, Canada 235 37.416 82 4.736 104 30.597 19 0.526 29 1.215 
Thistle, musk 5 0.012 0 0 5 0.012 0 0 0 0 
Thistle, Scotch 33 0.265 3 0.002 7 0.113 0 0 23 0.150 
Woad, dyer’s 1278 300.29 414 136.801 255 24.430 277 85.528 332 53.535 
Totals 3089 992.547 974 219.577 951 303.759 546 376.028 609 80.459 
*Total acres inventoried is 2480         
Table 3-4.  Acres infested by invasive plant species within all inventoried areas of Paradise, Utah in 2009. 
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Species 
Number of 
patches 
Total area 
infested* 
High use  
(Newton Dam) 
Moderate use 
(Stream) 
Moderate use 
(Cropland) 
Low use 
(Foothills) 
 number acres number acres number acres number acres number acres 
Burdock, common 110 6.419 21 0.302 57 4.731 1 0.000023 31 1.386 
Goatgrass, jointed 10 0.055 10 0.055 0 0 0 0 0 0 
Hemlock, poison 291 36.074 157 20.29 98 14.67 0 0 36 1.114 
Hoary cress 1 0.001 0 0 1 0.001 0 0 0 0 
Houndstoungue 471 58.421 160 23.587 107 26.632 0 0 204 8.202 
Medusahead 1 0.01 0 0 1 0.01 0 0 0 0 
Mustard, elongated 153 112.808 137 69.039 13 43.769 3 0.000069 0 0 
Olive, Russian 15 0.264 15 0.264 0 0 0 0 0 0 
Saltcedar 7 0.1001 7 0.10 0 0 0 0 0 0 
Spurge, leafy 80 2.359 80 2.359 0 0 0 0 0 0 
Thistle, Canada 312 95.229 143 32.069 149 62.574 9 0.423 11 0.163 
Thistle, bull 28 0.347 15 0.013 8 0.003 2 0.000046 3 0.000069 
Thistle, musk 7 0.016 0 0 3 0.000069 3 0.01 1 0.000023 
Thistle, Scotch 38 0.01 35 0.227 3 0.12 0 0 0 0 
Toadflax, dalmatian 2 0.011 1 0.01 0 0 1 0.001 0 0 
Woad, dyer’s 923 741.113 160 354.145 263 132.964 252 40.063 248 213.941 
Totals 2486 1053.237 941 502.460 703 285.474 271 40.497 534 224.806 
*Total acres inventoried is 2515         
Table 3-5.  Acres infested by invasive plant species within all inventoried areas of Clarkston, Utah in 2009.   
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Species 
Number 
of patches 
Total area 
infested* 
High use 
(Campground) 
Moderate use 
(Pasture) 
Low use 
(Wetland) 
Low use 
(Foothills) 
 number acres number acres number acres number acres number acres 
Burdock, common 63 8.068 0 0 7 0.252 55 7.806 1 0.01 
Hoary cress 270 21.162 4 0.112 256 19.986 3 0.012 7 0.052 
Hemlock, poison 7 0.105 0 0 0 0 7 0.105 0 0 
Henbane, black 15 0.136 0 0 0 0 15 0.136 0 0 
Houndstongue 270 107.419 0 0 0 0 139 19.851 131 87.567 
Knapweed, Russian 58 0.551 40 0.282 18 0.269 0 0 0 0 
Olive, Russian 1 0.000023 1 0.000023 0 0 0 0 0 0 
Other 4 0.211 3 0.11 0 0 1 .10 0 0 
Pepperweed, perennial 368 48.656 56 10.514 194 35.554 118 2.588 0 0 
Saltcedar 95 22.693 90 22.691 5 0.002 0 0 0 0 
Thistle, Canada 415 76.272 25 0.316069 71 6.579 211 50.644 108 18.73 
Thistle, bull 236 18.254 25 0.412 25 0.007 67 4.793 119 13.041 
Thistle, musk 1 0.01 0 0 0 0 0 0 1 0.01 
Thistle, Scotch 26 1.371 0 0 0 0 12 1.155 14 0.216 
Woad, dyer’s 1 0.000023 0 0 0 0 1 0.000023 0 0 
Totals 1830 304.908 244 34.437 576 62.649 629 87.190 381 119.626 
*Total acres inventoried is 2667         
Table 3-6.  Acres infested by invasive plant species within all inventoried areas of Park Valley, Utah in 2009.   
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Species 
Number of 
Patches 
Total area 
infested* 
High use  
(Campgrounds) 
Moderate use 
(Pasture) 
Moderate use 
(Wetland) 
Low use 
(Foothills) 
 Number acres number acres number acres number acres number acres 
Burdock, common 30 1.43 0 0 3 0.002 27 1.432 0 0 
Cinquefoil, sulfur 2 0.001023 0 0 0 0 2 0.001 0 0 
Hoary Cress 2 0.002 0 0 2 0.002 0 0 0 0 
Henbane, black 1 0.000023 1 0.000023 0 0 0 0 0 0 
Knapweed, diffuse 2 0.011 0 0 2 0.011 0 0 0 0 
St. Johnswort 11 0.011 0 0 0 0 11 0.011 0 0 
Olive, Russian 4 0.11 0 0 4 0.11 0 0 0 0 
Oxeye daisy 3 0.021 0 0 0 0 3 0.021 0 0 
Pepperweed, perennial 28 0.99 0 0 28 0.99 0 0 0 0 
Sowthistle, perennial 1 0.001 0 0 0 0 1 0.001 0 0 
Thistle, Canada 372 44.889 4 0.004 86 5.226 207 38.526 75 1.135 
Thistle, bull 399 12.012 5 0.01 63 0.191 194 10.239 137 1.577 
Thistle, musk 11 14.744 1 0.000023 0 0 3 0.003 7 14.741 
Totals 866 74.222 11 0.014 188 6.532 405 48.769 219 17.453 
*Total acres inventoried is 2489         
Table 3-7.  Acres infested by invasive plant species within all inventoried areas of Almo, Idaho in 2009.    
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Figure 3-1.  Overall distribution of invasive non-native plant species encountered 
around Porcupine Dam southeast of Paradise, Utah (Dam Unit). 
85 
 
 
 
 
 
 
Figure 3-2.  Overall distribution of invasive non-native plant species encountered 
along the road from Avon, Utah to Liberty, Utah (Streams Unit). 
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Figure 3-3.  Overall distribution of invasive non-native plant species encountered in 
fields and pasture located west of Porcupine Dam along Porcupine Dam Irrigation 
Canal southeast of Paradise, Utah (Croplands Unit). 
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Figure 3-4.  Overall distribution of invasive non-native plant species encountered on 
the foothills in McMurdie Hollow located east of Paradise, Utah (Foothills Unit). 
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Figure 3-5.  Overall distribution of invasive non-native plant species encountered 
around Newton Dam southeast of Clarkston, Utah (Dam Unit). 
89 
 
 
 
 
 
 
 
Figure 3-6.  Overall distribution of invasive non-native plant species encountered along 
streams northeast of Clarkston, Utah (Streams Unit). 
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Figure 3-7.  Overall distribution of invasive non-native plant species encountered on 
crop and CRP land located northeast of Clarkston, Utah near the Utah-Idaho border 
(Croplands Unit). 
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Figure 3-8.  Overall distribution of invasive non-native plant species encountered in 
the foothills west of Clarkston, Utah (Foothills Unit). 
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Figure 3-9.  Overall distribution of invasive non-native plant species encountered in 
seasonal campground area southwest of Park Valley, Utah (Campgrounds Unit). 
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Figure 3-10.  Overall distribution of invasive non-native plant species encountered 
in pastures south of Park Valley, Utah (Pastures Unit). 
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Figure 3-11.  Overall distribution of invasive non-native plant species encountered 
in a wetland area located northwest of Park Valley, Utah (Wetlands Unit). 
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Figure 3-12.  Overall distribution of invasive non-native plant species encountered in 
Dunn Canyon northeast of Park Valley, Utah (Foothills Unit). 
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Figure 3-13.  Overall distribution of invasive non-native plant species encountered 
in BLM seasonal campgrounds south of Almo, Idaho (Campgrounds Unit). 
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Figure 3-14.  Overall distribution of invasive non-native plant species encountered 
in pastures and fields directly northeast of Almo, Idaho (Pastures Unit). 
98 
 
 
 
 
 
 
Figure 3-15.  Overall distribution of invasive non-native plant species encountered in 
wet meadows and pastures located near the Castle Rocks State Park entrance in 
Almo, Idaho (Wetlands Unit). 
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Figure 3-16.  Overall distribution of invasive non-native plant species encountered in Almo Canyon 
East of the Castle Rocks State Park in Almo, Idaho (Foothill Unit). 
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CHAPTER 4 
IMPEDIMENTS TO ESTABLISHING SUCESSFUL WEED PREVENTION AREAS 
 
Abstract 
 
 
In order to slow the rate of plant invasion more emphasis must be placed on the 
principles of prevention and early detection.  Weed Prevention Areas (WPAs) are a 
relatively new tool developed to help implement prevention and early detection 
techniques, but success is dependent upon the participation of private landowners.  The 
purpose of this study was to identify impediments that might limit the establishment of a 
WPA.  Surveys were mailed to all landowners of 0.81 hectares (2 acres) or larger within 
four selected communities to evaluate current opinions and activities regarding aspects of 
weed prevention and control.  Overall, paired communities were very similar in responses 
and demographics.   Landowners had at least a basic knowledge of the problems invasive 
plants can cause, and the important role that different weed management activities have 
in effectively managing invasive plants.  Despite this knowledge many landowners fail to 
implement weed prevention.  The most influential factors in landowners’ decisions not to 
implement prevention strategies on their property were related to financial, educational, 
and risk impediments.  A WPA can address these impediments by bringing members of a 
community together to pool resources, coordinate efforts, and obtain additional funding.  
Education efforts will need to address how individual landowner actions can contribute to 
the spread of weeds, as well as, the cost effectiveness of prevention and early detection.  
Friends, relatives, extension service publications, county extension agents, and the 
Natural Resource Conservation Service will be the most effective ways to distribute 
information and educational material to landowners within the WPA.   
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Introduction 
 
Invasive plant species have been widely recognized as a serious environmental 
and economic threat (Brooks 2007; DiTomaso 2000; Mack et al. 2000).  They displace 
desirable plants, alter ecological processes, decrease forage and crop yields, reduce 
wildlife habitat, and diminish land value (Harrod 2001; Masters and Sheley 2001).  In the 
United States it is estimated that over 41 million hectares (101 million acres) of land are 
infested (Lambert 2004), with an associated economic cost of $137 billion annually 
(Pimental et al. 2005).  Despite control efforts invasive weeds continue to spread at an 
alarming rate.  In order to slow the rate of plant invasion more emphasis must be placed 
on the principles of prevention and early detection (Hobbs and Humphries 1995; Smith et 
al. 1999).   
Formalized Weed Prevention Areas (WPAs) are a new tool developed to help 
implement prevention and early detection techniques at a community level. WPA’s are 
defined as designated conservation areas cooperatively managed to prevent the spread of 
invasive weeds and minimize environmental and economic costs.  The success of a WPA 
depends on the implementation of site specific strategies aimed at reducing the 
susceptibility of land to weed invasion, interrupting weed invasion pathways, and 
preventing the spread of invasive weeds into new areas (Goodwin and Jacobs 2007).  
Private landowners are key players in implementing weed prevention and control 
strategies because they manage large proportions of the landscape and significantly 
influence ecosystems and their services (Aslan et al. 2009; Steele et al. 2006).   
Unfortunately, landowners’ participation in weed prevention and control efforts is 
highly variable.  This variability can be attributed to multiple barriers, or constraints, 
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which limit the adoption of new management practices.  These barriers can also widely 
vary and are largely a result of individual landowner learning, experience, characteristics, 
and circumstances (Pannell et al. 2006).  Barriers can be placed into five general 
categories:  1) social, 2) risk and uncertainty, 3) environmental, 4) financial, and 5) 
educational. 
Social barriers exist because invasive weed management is a collective action 
problem.  Effective prevention and control of invasive weeds requires that a majority of 
landowners in an area are actively engaged in weed management, but there is little 
incentive for individuals to manage weeds on their property unless their neighbors do as 
well (Epanchin-Neill et al. 2010).  The changing face of rural communities compounds 
this problem. Exurban development in the United States has created changes in rural 
demographics, economics, values, land division and use (Brunson and Huntsinger 2008; 
Hansen et al. 2002; Shumway and Otterstrom 2001).  The resulting mix of landowners is 
much more diverse, with emphasis placed on the consumption of amenity values rather 
than the production of land-based goods (Argent et al. 2007).  Unlike landowners that 
depend on a land-based income, controlling invasive weeds is not a high priority for 
many amenity users, even if they recognize weeds as a problem (Klepeis et al. 2009).  
Many are also absentee landowners who are not only unaware or indifferent to weed 
problems on their property, but are restricted in their ability to control weeds effectively 
due to their absence (Klepeis et al. 2009; Sell et al. 2000).  Consequently, in some areas 
of increased development the likelihood of larger landholders, such as ranchers, 
controlling their weeds has decreased (Epanchin-Neill et al. 2010).    
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Land managers perception of risk is an additional obstacle to the implementation 
of prevention strategies.  According to Finnoff et al. (2007) control is often perceived by 
many land managers as less risky than prevention and thus a safer choice.  Prevention is 
considered more uncertain because it merely reduces the chance of invasion, it does not 
eliminate it.  Further, a manager can never know for certain whether prevention strategies 
kept invasive species out or if they simply would never have established to begin with.  
As a result land managers typically wait until a weed has invaded and then attempt to 
limit the damages (Hobbs and Humphries 1995).  Additional research on farmers’ 
perceptions and beliefs about weed management found that many farmers attribute the 
introduction and spread of weeds to wind, water, and wildlife, and thus are outside of 
their control.  Approximately 20% of farmers interviewed believed that prevention was 
impossible and that new weed introductions would occur with or without prevention 
effort (Wilson et al. 2008).   
Environmental barriers exist due to challenges presented by terrain, climate, and 
vegetation (Sell et al. 2000).  Recommended control methods for invasive species are 
often generalized making them difficult or unfeasible to apply due to local conditions 
under consideration.  Landowners are then faced with the challenging task of selecting 
and/or adapting control methods to fit their needs.   These methods often prove to be 
ineffective at controlling troublesome weeds, causing landowners to become frustrated 
and discouraged (Aslan et al. 2009). 
Financial constraints are a real concern for many landowners.  It is generally 
expected that practices associated with positive economic benefits will be adopted 
quickly (Vanclay 2002).  Unfortunately, the benefits of weed management are usually not 
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seen immediately.  As a result, landowners often focus on short term impacts and benefits 
and fail to develop a long term weed management plan (Aslan et al. 2009).   Further 
problems arise due to the cost of herbicides and application, as well as the time 
consuming nature of control.  Many landowners lack the money and time necessary to 
obtain positive results (Sell et al. 2000; Steele et al. 2006).  Kebede (1992) observed that 
an off-property income can offset many financial constraints but often results in a 
decrease in the adoption of practices with greater management demands.  
Educational constraints are due to a lack of knowledge concerning available 
control methods, as well as, the ecology of weeds.  A wide array of control methods 
exists and perceptions of what is effective and acceptable are highly variable.  
Landowners also fail to apply control methods appropriately due to a limited 
understanding of weed seed bank dynamics and the biology of the target weed (Aslan et 
al. 2009).  In addition, information is often lacking regarding how to develop an 
integrated weed management plan, as well as, the associated benefits (Sell et al. 2000). 
Education has been well acknowledged as an effective way to build support for 
management programs and ultimately increase the adoption of sound weed management 
strategies (Aslan et al. 2009; Dewey et al. 1995; Krueter et al. 2005; Tidwell 2005).  
Unfortunately, awareness and educational programs are often developed without first 
considering the level of interest and knowledge of the target audience (Sheley et al. 
1996).    Further, many scientists and extension agents tend to develop patronizing 
attitudes towards farmers and fail to recognize the underlying reasons why 
recommendations were not adopted (Vanclay 1992).  If such programs are to be effective 
the target audience and their specific values, beliefs, interests, and concerns must be 
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correctly identified and understood (Sheley et al. 1996; Tidwell 2005; Wilson et al. 
2008).   
The establishment and long term success of WPAs depends upon the development 
of effective awareness and education programs to increase the knowledge and 
involvement of private landowners. The purpose of this study was to assess factors that 
may affect the success of prevention and early control efforts within two beginning WPA 
and two non-WPA communities.  The main objectives of this research were to 1) 
establish a baseline reference from which the effect that a WPA has on landowner 
attitudes and practices regarding weed control and prevention can be determined, 2) 
identify potential landowner constraints that will have to be addressed if a WPA is to be 
established successfully, and 3) identify how landowners utilize different sources of 
information for managing their land. 
 
Materials and Methods 
 
 
Study Sites.  A case study including two paired communities was created.  
Paradise and Park Valley, Utah were selected because they are beginning WPAs.  
Paradise, Utah was paired with Clarkston, Utah, a ―non-WPA‖, based upon similarities in 
population size, location to Utah State University, vegetative composition, and land use.  
They also share the same county weed supervisor.  Park Valley, Utah was paired with 
Almo, Idaho, a ―non-WPA‖ based upon their location on opposite sides of the Raft River 
Mountain Range as well as similarities in population size, vegetative composition, and 
land use.  Due to their location in different states they do not share a county weed 
supervisor. 
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Survey Design.  A mail-back survey was developed following Dillman’s (2000) 
multiple contact method.  The initial survey was sent on November 23, 2009, followed by 
a reminder card ten days later.  A reminder letter and second survey were not sent until 
January 5
th
, in order to avoid the busy holiday season.  Prior to mailing, the survey was 
submitted to Utah State University’s Institutional Review Board for approval.  The 
objective was to obtain a census of all owners who managed properties 0.81 hectares (2 
acres) or larger within each of the selected communities. A land size of 0.81 hectares was 
used as a cutoff point to exclude all landowner’s whose holdings were considered too 
small to significantly impact the success of a WPA.   
Survey questions addressed land owners’ current opinions and activities in regard 
to weed prevention and control.  Topics included:  knowledge of invasive plants and their 
impacts, pathways of weed invasion, weed management priorities, prevention, and factors 
limiting weed management efforts.  Demographics such as age, education, land 
ownership, and occupation were also obtained.    
Multiple methods were used to obtain landowner mailing addresses. Owner 
names and parcel numbers for land associated with Clarkston and Paradise/Avon, Utah 
were obtained from a GIS file at the Cache County Weed Supervisor’s office.  Mailing 
addresses were then looked up at the Cache County Recorder’s Office.  The Box Elder 
County GIS Office provided a GIS file containing mailing information for all 
landowner’s within an 8 kilometer (5 mile) radius of Park Valley, Utah.  Information for 
all landowners within an eight kilometer (five mile) radius of Almo, Idaho was obtained 
through a request for public records from the Cassia County Recorder’s Office. 
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Survey Analysis.  All questions and their possible responses were coded, 
allowing answers to be differentiated when entered into Microsoft Excel.  Response data 
were then analyzed using SAS
1 
statistical software available at Utah State University.  
Frequency distributions and means were used to calculate the distribution and average 
response to each question within each community.  Responses from paired communities, 
and other comparisons, were analyzed using chi-square tests to compare frequency 
distributions (α=0.05).   
 
Results and Discussion 
 
Of the 712 surveys mailed to landowners, 14 undelivered and 275 usable surveys 
were returned for an overall response rate of 39.4%.  Response rates by community were 
Paradise 42.6%, Clarkston 38.2%, Park Valley 27.7%, and Almo 45.3%.  Two useable 
surveys were returned missing identification numbers and could only be included in the 
analysis of overall responses (Table 4-1).  Despite steps taken to target only landowners 
with more than 0.81 hectares (2 acres), 12 respondents still indicated that they managed 
less than that amount and were excluded from the data analysis.  Five surveys were 
returned with the majority of the questions unanswered.  Comments indicated that the 
respondent either no longer managed or had never seen the property under consideration 
and felt they could not answer the questions.   
Demographics.  The majority of respondents (75%) in Paradise and Clarkston 
were male and the average age was 51 to 60 years old.  On average, 35% of respondents 
were retired and only 19% were farmers or ranchers.  Respondents from Paradise and 
Clarkston differed significantly in their level of education (P=0.0282), acres of land 
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owned (P=0.0275), and location of home (P=0.0001).  On average more respondents 
(67%) from Paradise had a college degree than did Clarkston respondents (45%).  More 
Paradise respondents (74%) also lived on their property managed for weeds compared to 
Clarkston respondents (33%).  A greater percentage of Clarkston respondents (42%) 
owned over 81 hectares (200 acres) while a greater percentage of Paradise respondents 
(40%) owned 0.8 to 4 hectares (2 to 10 acres) (Table 4-2).                                                                                                                                                                                                                                                                                                               
The majority (81%) of respondents in Park Valley and Almo were male and the 
average age was 41 to 50 years old.  Approximately 46% of respondents from Park 
Valley and Almo had at least some college education.  On average, 76% of respondents 
owned over 20 hectares (50 acres) of which 58% owned over 81 hectares (200 acres).  
Respondents in Park Valley and Almo differed significantly in their primary occupations 
(P=0.0077) and location of their homes (P=0.0031).  Approximately 62% of Almo 
respondents were farmers or ranchers and 10% were retired.  In comparison, only 37% of 
Park Valley respondents were farmers or ranchers and 41% were retired.  A larger 
percentage (79%) of Almo respondents also lived on the property managed for weeds 
than did Park Valley (54%) respondents (Table 4-2). 
Landowner Attitudes and Practices.  The majority of all respondents in each 
community felt that they were moderately knowledgeable about the invasive plants in 
their area.  Invasive plants were viewed as a moderate to serious problem with moderate 
to very damaging effects on the economy and environment.  Nearly all respondents were 
at least moderately concerned about the negative effects invasive plants had on desirable 
plants, crop yields, forage quality, wildlife habitat, and wildfires.  Most respondents also 
felt that controlling invasive plants found on their property was very important, although 
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significantly (P=0.0035) fewer Park Valley respondents (53%) than Almo respondents 
(87%) considered it to be very important.   
When asked to rate how important a role several factors played in weed seed 
dispersal approximately 50% of all respondents indicated that wind and water play a very 
important role in the introduction and spread of invasive plants.  In general, wildlife, 
livestock grazing, motor vehicles, and recreational activities were considered somewhat 
important factors in the spread of invasive plants.   Residential development and home 
landscaping were indicated by most respondents as slightly or not at all important to 
weed invasion (Table 4-3).   
Many different approaches and activities are related to the integrated management 
of invasive plants. When asked how important the role of several different management 
activities (identifying weeds, recording weed locations, controlling large infestations, 
eradicating new patches, ecosystem management, weed prevention) are in managing 
invasive plants, the majority of respondents in each community indicated that each 
played a very important role.  In addition, most respondents in Paradise and Clarkston 
indicated that controlling large infestations (93%) and eradicating new infestations (90%) 
were management priorities.  Controlling large infestations (P=0.0003) and eradicating 
new patches (P=0.0057) were significantly less important priorities for Park Valley 
respondents than for Almo respondents. Approximately 85% of Paradise and Clarkston 
respondents and 65% of Park Valley and Almo respondents indicated that protecting 
weed-free areas was a priority.  About 62% of all respondents indicated monitoring 
ecosystems to maintain healthy plant communities as a priority (Table 4-4).  Despite 
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these replies, only half or less of all respondents indicated ―yes‖ when asked if they 
implemented five common weed prevention strategies on their property (Table 4-5).   
Landowners were also asked to rate the importance of five factors in the decision 
making process.  Paradise and Clarkston respondents felt that the level of visible results 
(85%), their lack of knowledge regarding prevention (85%), and limited funding and 
resources (83%) were somewhat to very important factors in their decision not to 
implement prevention on their property.  Roughly 74% of respondents indicated that the 
amount of time required was a somewhat to very important determinant, while 65% felt 
that implementing prevention was an inconvenience.  Significantly (P=0.0394) more 
Almo respondents (87%) than Park Valley respondents (56%) indicated that the level of 
visible results was a somewhat to very important factor.  Park Valley and Almo 
respondents felt that limited funding and resources (72%) and their lack of knowledge 
concerning prevention (70%) were important determinants.  Around 65% perceived the 
amount of time required as a somewhat to very important factor while 54% viewed 
prevention as an inconvenience (Table 4-6).     
Information Sources.  To identify the best methods for distributing information 
to the target audience, landowners were asked to indicate where they accessed 
information about managing their land.  The top six sources of management information 
utilized by respondents in Paradise and Clarkston included:  friends or relatives (64%), 
extension service publications (51%), county extension agents (47%), Natural Resource 
Conservation Service (31%), advice from college specialists (29%), and classes or 
workshops (21%).  In Park Valley and Almo the top six sources of information used by 
respondents included: extension service publications (52%), county extension agents 
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(45%), friends or relatives (44%), Natural Resource Conservation Service (35%), Bureau 
of Land Management (35%), and U.S. Forest Service (32%) (Table 4-7). 
Responses were further analyzed to identify how specific groups within the target 
audience access land management information. Comparing large (>50 acres) and small 
(<50 acres) landowners (Table 4-8), respondents with 20 hectares (50 acres) of land or 
more were significantly more likely to utilize county extension agents (P=0.0076), the 
Natural Resource Conservation Service (P=<0.001), classes or workshops (P=<0.001), 
Bureau of Land Management (P=0.0033), and U.S. Forest Service (P=0.0032).  
Surprisingly, no significant differences in sources of information existed between 
landowners who live on their property and those who do not.  
Overall, paired communities were very similar in response and demographics.  
Further analysis revealed that the significant variations in response between Park Valley 
and Almo were due to differences in the percentage of respondents who live on the 
property which they manage for invasive plants.  Approximately 46% of Park Valley 
respondents did not live on their property while only 21% of respondents in Almo did 
not.  Similar to the findings of Klepeis et al. (2009), weed control is not necessarily a 
high priority for these amenity or ―absentee‖ landowners, either due to restrictions that 
limit their ability to implement control, or different perceptions of land value.  This trend 
was not observed between Paradise and Clarkston respondents despite similar 
demographic differences.   
In general, landowners are aware of invasive plants and have at least a basic 
knowledge of the problems invasive plants cause in their area.  The majority of 
landowners also seem to understand the important roles different management activities, 
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including weed prevention, have in effectively managing invasive plants.  Despite this 
knowledge many landowners fail to successfully implement weed prevention on their 
property.  The most influential factors in the decision making process were identified by 
respondents:  as 1) the level of visible results, 2) lack of knowledge regarding prevention, 
3) limited funding and resources available, and 4) amount of time required.  In addition, 
landowners tend to explain the introduction and spread of invasive species by focusing on 
factors outside of their control, such as wind and water, and fail to recognize the 
importance of their own actions.  These responses suggest that financial, educational, and 
risk barriers exist which hinder the ability, or willingness, of landowners to initiate weed 
prevention and early detection on their property.  Similar constraints were also observed 
by Aslan et al. (2009), Sell et al. (2000), Steele et al. (2006), and Wilson et al. (2008). 
The financial and educational constraints can be largely addressed simply through 
the establishment of a WPA.  WPA’s are cooperative management areas and function 
primarily to obtain funding, pool resources within the community, and coordinate efforts 
of members.  Education and awareness programs should focus primarily on providing 
landowners with technical information on prevention and early detection techniques, their 
benefits, and how they can be applied to different situations.  During the development of 
the WPA Action Plan it may be beneficial to provide interested landowners with help in 
developing site specific prevention and early detection strategies that can be successfully 
implemented on their property.   
The general underlying perception of risk and uncertainty regarding weed 
prevention will be the most challenging barrier to overcome. Unlike weed control the 
results of prevention efforts are not readily visible.  It can also be difficult to determine if 
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prevention efforts actually kept weeds out or if they would never have invaded to begin 
with (Finnoff et al. 2007; Wilson et al. 2008).  Further, prevention strategies focus on 
identifying and interrupting pathways of weed seed dispersal.  When these factors are 
perceived as outside of human control, prevention appears impossible. As a result, many 
landowners conclude that using prevention strategies will have no effect on the 
occurrence of new weed invasions, and ignore opportunities to implement weed 
prevention on their property.  To engage these landowners in a WPA, educational and 
awareness efforts will have to illustrate to landowners how their individual actions could 
be contributing to the spread of invasive plants.  Educational messages should also 
highlight the cost-effectiveness of prevention, as well as, the significant value of weed-
free land.  Emphasizing the additional funds, resources, and help provided by a WPA 
may also help minimize the level of perceived risk by lowering the associated 
opportunity costs of prevention.  
Once the target audience has been characterized the distribution of educational 
information becomes a vital factor in the effectiveness of education and awareness 
programs (Sheley et al. 1996; Tidwell 2005).  By and large the most common sources of 
land management information in these rural communities were friends, relatives, 
extension service publications, county extension agents, and the Natural Resource 
Conservation Service.  Approximately 25% of large acreage landowners also utilized 
information provided by workshops, the Bureau of Land Management, and the U.S. 
Forest Service.   Taking this into account, WPA leaders could utilize the network of 
friends and relatives within a community to spread information about the beginning WPA 
and gain landowner’s interest initially.  The County Extension Service, Bureau of Land 
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Management, and U.S. Forest Service should also be asked to partner with the WPA 
during the early phases of establishment.   Workshops and classes could also be provided 
to help large landowners to develop site specific prevention and early detection strategies 
on their property. 
Preventing weed invasions is the most cost and time effective way of managing 
invasive species because it is a proactive approach.  However, in the past the ability, or 
willingness, of individual landowners to engage in weed prevention and early control 
efforts has been limited due to financial, educational, and risk constraints.  WPAs have 
the potential of minimizing these constraints in a number of ways.  They provide 
additional funding, pool resources at a community level, and coordinate efforts of 
members.  They also provide members with applicable prevention information and help 
them develop site specific weed prevention and early control strategies.  If WPAs prove 
successful at increasing the participation of landowners in weed prevention and early 
control efforts they should be considered an important component of all large scale weed 
management programs. 
 
Sources of Materials 
 
1
Statistical Analysis Software, SAS 9.2, 100 SAS Campus Drive, Cary, NC 27513-2414. 
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Table 4-1.  Response rates of landowners within the four selected communities. 
Study Area 
Original Sample 
Size 
Estimated 
Undeliverable 
Returned  
Surveys 
Response Rate 
(Est.) 
Paradise, Utah 239 2 101 42.6% 
Clarkston, Utah 230 5 89 39.5% 
Park Valley, Utah 123 4 34 28.6% 
Almo, Idaho 120 3 53 45.3% 
Totals* 712 14 279 40.0% 
*2 useable surveys were returned without ID numbers   
 
 
Table 4-2.  Demographic characteristics of respondents within each selected community. 
Characteristic Group Paradise Clarkston Park Valley Almo 
Gender 
 
__________________________%___________________________ 
 Male 72.4 78.3 82.1 80.8 
 
Female 27.6 21.7 17.9 19.2 
Age 20-30 0.0 3.6 0.0 5.8 
 
31-40 4.1 3.6 14.3 11.5 
 
41-50 10.2 14.5 3.6 13.5 
 
51-60 32.6 26.5 32.1 34.6 
 
60+ 53.1 51.8 50.0 34.6 
Level of 
Education 
Some High School 1.0 3.7 3.8 2.0 
High School Graduate 11.5 19.5 7.7 16.0 
 
Some College 19.8 31.7 46.2 46.0 
 
2 Year College Degree 3.1 6.1 3.8 10.0 
 
4 year College Degree 31.3 22.0 30.8 22.0 
 
Advanced College 
Degree 
33.3 17.0 7.7 4.0 
Primary 
Occupation 
Farmer or Rancher 17.4 21.7 37.0 61.5 
Employed at a Business 22.4 16.9 7.4 13.5 
 
Self-employed 22.4 10.8 11.1 5.8 
 
Retired 29.6 39.8 40.7 9.6 
 
Other 8.2 9.6 3.7 9.6 
Acres of Land 
Owned 
2-10 acres 40.8 19.8 11.1 13.5 
11-20 acres 6.1 3.7 0.0 1.9 
 
21-50 acres 13.3 12.3 14.8 5.8 
 
51-100 acres 5.1 9.9 3.7 9.6 
 
101-200 acres 10.2 12.4 14.8 9.6 
 
more than 200 acres 24.5 42.0 55.6 59.6 
Live on 
Property 
Yes 73.5 32.9 53.6 78.9 
 
No 26.5 67.1 46.4 21.1 
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Table 4-3.  Landowners’ perception of the role factors play in the dispersal of seeds. 
Community Dispersal Vectors 
Not 
Important 
Slightly 
Important 
Somewhat 
Important 
Very 
Important 
 
 
_______________________%________________________ 
Paradise 
Motor vehicles 
9 36 44 11 
Clarkston 11 42 27 20 
Paradise 
Livestock grazing 
3 23 47 26 
Clarkston 5 29 44 22 
Paradise 
Recreation activities 
14 34 38 14 
Clarkston 11 43 32 14 
Paradise 
Home landscaping 
22 42 25 11 
Clarkston 24 43 25 7 
Paradise Residential 
development 
18 35 29 18 
Clarkston 23 35 30 12 
Paradise 
Wildlife 
8 35 45 11 
Clarkston 15 28 44 12 
Paradise 
Wind and water 
3 7 44 46 
Clarkston 2 15 35 48 
Park Valley 
Motor vehicles 
11 37 30 22 
Almo 10 33 40 17 
Park Valley 
Livestock grazing 
8 27 46 19 
Almo 4 37 37 21 
Park Valley 
Recreation activities 
12 23 42 23 
Almo 4 33 44 19 
Park Valley 
Home landscaping 
27 39 19 15 
Almo 29 38 21 12 
Park Valley Residential 
development 
27 31 23 19 
Almo 25 39 20 16 
Park Valley 
Wildlife 
12 31 46 11 
Almo 14 31 41 14 
Park Valley 
Wind and water 
8 15 23 54 
Almo 2 8 31 60 
121 
 
 
 
 
Table 4-4.  Current weed management priorities as indicated by landowners.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Community Priorities Yes No Not Sure 
 
 
_________________%________________ 
Paradise 
Control large infestations 
91 3 6 
Clarkston 96 1 2 
Paradise 
ID and protect weed free areas 
86 9 4 
Clarkston 82 9 9 
Paradise 
Eradicate small, new patches 
92 5 3 
Clarkston 89 4 7 
Paradise 
Monitor ecosystems 
62 17 21 
Clarkston 68 11 21 
Park Valley 
Control large infestations 
56 26 18 
Almo 92 2 6 
Park Valley 
ID and protect weed free areas 
67 18 15 
Almo 62 15 23 
Park Valley 
Eradicate small, new patches 
67 22 11 
Almo 92 2 6 
Park Valley 
Monitor ecosystems 
56 26 18 
Almo 61 18 22 
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Table 4-5.  Prevention strategies that have been used by landowners. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Community Prevention Strategies Yes No Not Sure 
 
 
_________________%________________ 
Paradise 
Clean vehicles and equipment 
28 55 17 
Clarkston 56 30 14 
Paradise 
Feed weed free forage 
45 40 15 
Clarkston 41 47 12 
Paradise 
Limit off-road vehicle access 
51 44 5 
Clarkston 49 41 10 
Paradise 
Require clean visitors 
12 77 11 
Clarkston 23 61 16 
Paradise 
Limit soil disturbances 
51 36 12 
Clarkston 48 32 19 
Park Valley 
Clean vehicles and equipment 
44 41 15 
Almo 36 54 10 
Park Valley 
Feed weed free forage 
33 44 22 
Almo 24 64 12 
Park Valley 
Limit off-road vehicle access 
48 41 11 
Almo 44 50 6 
Park Valley 
Require clean visitors 
4 78 18 
Almo 10 86 4 
Park Valley 
Limit soil disturbances 
44 37 19 
Almo 54 35 11 
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Table 4-6.  Factors influencing landowner’s decisions not to implement prevention. 
 
 
Table 4-7.  Landowner’s sources of information for managing their land. 
 
 
Community Factors 
Not 
Important 
Slightly 
Important 
Somewhat 
Important 
Very 
Important 
 
 
_______________________
%
________________________
 
Paradise 
Funding and resources  
8 15 36 41 
Clarkston 2 9 41 48 
Paradise 
Inconvenience 
13 27 44 16 
Clarkston 9 21 59 12 
Paradise 
Amount of time required 
4 13 58 25 
Clarkston 9 26 48 17 
Paradise Knowledge about 
prevention 
4 13 39 44 
Clarkston 2 10 38 50 
Paradise 
Level of visible results 
6 10 37 47 
Clarkston 2 12 48 38 
Park Valley 
Funding and resources  
14 23 14 50 
Almo 5 15 32 49 
Park Valley 
Inconvenience 
9 36 36 18 
Almo 12 34 44 10 
Park Valley 
Amount of time required 
14 27 27 32 
Almo 2 26 43 29 
Park Valley Knowledge about 
prevention 
13 22 35 30 
Almo 2 22 27 49 
Park Valley 
Level of visible results 
13 31 26 30 
Almo 2 10 46 41 
Information Type Paradise Clarkston Park Valley Almo 
 _______________________%__________________________ 
Classes or workshops 19 23 25 29 
Advice From College Specialists 31 27 21 17 
Extension Service publications 48 54 57 46 
County Extension agent 41 52 43 46 
Natural Resource Conservation Service 32 30 39 31 
Bureau of Land Management 6 12 25 44 
U.S. Forest Service 7 7 25 38 
Books from Library 15 6 9 11 
Friends or Relatives 62 66 42 45 
I don’t Get Information 11 6 18 17 
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Table 4-8.  Utilization of information sources by small and large 
acreage landowners. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source of Information 
Acres Managed 
2-50 Acres 50+ Acres 
 
_________________%________________ 
Classes or workshops 10 32 
Advice from college specialists 20 30 
Extension Service publications 44 56 
County Extension agent 38 55 
NRCS 14 45 
Other 19 16 
BLM 9 24 
USFS 8 21 
Books from the library 12 11 
Friends or Relatives 62 56 
I don't get information 16 9 
Number of responses 106 152 
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CHAPTER 5 
 
COMPARISON OF METHODS FOR MAPPING WILDLAND WEED  
 
INFESTATIONS 
 
 
Abstract 
 
 
Land managers must set weed management priorities if limited resources are to be 
utilized effectively.  Weed surveys/inventories assist land managers in this process by 
providing information regarding the identity, location, and relative abundance of weeds 
on their land.  Although this information is vital, it can be challenging to select an 
approach that provides the necessary data to meet management objectives while 
remaining efficient and cost effective.  Accuracy and time for the paper-drawn, buffered 
point, screen-drawn, and perimeter walked methods were evaluated to identify the 
strengths and weakness of each.  Six experienced weed mappers independently recorded 
the location and size of eight sagebrush patches using each of the four common weed 
mapping methods.  Each method was then evaluated based upon mapping time, distance 
walked, horizontal precision error, estimated size error, and shape error.  The paper-
drawn method was significantly less accurate than other methods at recording patch size 
and location.  There was no significant difference in the accuracy of the buffered point, 
screen-drawn, and perimeter-walked methods at reporting path size and location.  For 
most weed management programs, the need to cover land area as quickly and efficiently 
as possible favors the selection of the buffered point or screen-drawn method due to time 
and distance factors.  However, if patch shape is an important factor the perimeter-
walked or buffered point may be the best choice of the methods tested. 
126 
 
 
 
Introduction 
 
Invasive non-native plants are one of the greatest challenges land mangers face in 
managing natural and man-made ecosystems.  Due to the large number of invasive 
species, extent of infested land, and the limited number of resources available, managers 
must set priorities if a weed management plan is to be effective (Hobbs and Humphries 
1995; Randall 2000).  Weed surveys/inventories are an invaluable tool in this process.  
They result in weed distribution maps which give managers information regarding the 
identity, location, and relative abundance of weeds.   This information provides managers 
a clearer picture of the extent of the weed problem, enabling them to develop successful 
eradication, control, and containment strategies (Dewey and Andersen 2004; NAWMA 
2002; Wilson et al. 1999).   
 Although this information is vital, data collection can often be expensive and 
difficult to collect due to the large extent of land and type of terrain involved.  Land 
managers thus face the challenge of selecting an approach that provides the data needed 
to meet management objectives, while remaining efficient and cost effective (Andersen 
2007; Rew and Pokorny 2006).  A variety of technologies ranging from simple, hand-
drawn maps to airborne remote-sensing tools are available for detecting and recording 
weed infestations.  Airborne remote-sensing tools have become more common in recent 
years and include:  near-infrared aerial photographs, satellite images, and multispectral 
and hyper-spectral airborne scanner images (Lass et al. 2005; Madden 2004).  These tools 
can cover larger areas quickly, but target vegetation must be relatively dense, uniform 
and exhibit unique spectral characteristics in order to be detected.  Overall, method 
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selection depends largely upon, the equipment available, terrain, project objectives, and 
personal preferences (Andersen 2007; Rew and Pokorny 2006).   
Once a weed infestation has been discovered it can be recorded using point, line, 
or polygon features.  Feature selection should be considered carefully because each 
feature has its advantages and disadvantages.  Point features are typically considered the 
fastest and most cost effective technique.  They provide a distinct, single coordinate 
location, as well as, an approximate patch size and density.   Point features can also be 
buffered to reflect the approximate patch size, but do not depict the actual shape of the 
patch.  Line features are useful to represent continuous, uniform infestations that follow 
linear shapes, such as along roads, trails, or waterways.  Polygon features can be used to 
illustrate the approximate shape, size, and location of a patch.  Polygons created by 
walking the perimeter of an infestation are the most accurate, but can require more time 
and physical exertion.  Newer GPS units allow the size, shape and location of a patch to 
be digitized onto a screen without walking the perimeter, but are much less precise 
(Andersen 2007; Rew and Pokorny 2006). 
 Due to the extensive number of options available, the mapping protocols 
developed by individual organizations will often vary widely in approach and detail.  
Over the years a number of different mapping data standards have been developed to 
standardize this data collection process.  Two of the most widely known and accepted 
standards include:  Mapping Noxious Weeds in Montana (1996), and the North American 
Invasive Plant Mapping Standards (2002).  These are typically content standards 
addressing ―what‖ to collect, but not ―how‖ to collect the information (Andersen 2007).  
Their purpose is to improve the consistency of collected data and the sharing of 
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information between organizations (Bruno 2001).  A few recent publications, such as 
Inventory and Survey Methods for Nonindigenous Plant Species (Rew and Pokorny 
2006), have strived to outline the decision-making process so that land managers can 
more easily determine ―how‖ they will collect data to meet their needs.  
These mapping standards and publications have greatly helped to improve the 
collection and consistency of data, but protocol development is still greatly influenced by 
several opinions and assumptions regarding what the ―best‖ method is.  For example, the 
U.S. Forest Service requires that all weed infestations are recorded as screen drawn 
polygons (USDA-FS 2002).  The belief is that the polygon method most accurately 
depicts the size and shape of infestations, allowing changes to be more precisely 
monitored over time.  Stohlgren et al. (2005) also recommends mapping weed patches 
using the polygon method for the same reasons.  Conversely, Dewey and Andersen 
(2004) discourage the consolidation of mapping and monitoring.  They believe the best 
mapping approach is a buffered point method which allows mappers to cover the greatest 
area of land quickly and cost effectively.  The information collected could then be used to 
select long-term monitoring sites.   
Little scientific field data exists comparing the accuracy of infestation size 
measurements and the associated costs of the two methods.  A preliminary study was 
conducted by Andersen and Dewey (2007) on the basis that polygon features are no more 
accurate than buffered point features due to several factors.  These factors include 
limitations in the horizontal precision capability of the GPS unit, and the variability in the 
interpretation of patch size and boundary by individual mappers.  They concluded that the 
most accurate method is a perimeter-walked polygon, but requires considerably more 
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time and labor.  Statistically there were no differences between screen-drawn polygons 
and buffered points in terms of accuracy, mapping time, estimated patch size, or walking 
distance.   
The differences regarding the accuracy and efficiency of different mapping 
methods needs to be better understood.   Without this knowledge land managers are 
limited in their ability to develop efficient mapping protocols to meet their management 
goals.  The purpose of this study was to repeat the work of Dewey and Andersen, paying 
particular attention to appropriate replication and randomization in order to increase 
statistical robustness and avoid possible bias. 
 
Materials and Methods 
 
In the fall of 2010, two sites on Antelope Island with distinctive, moderately 
dense sagebrush patches were selected using online satellite imagery.  Site visits were 
then conducted to select four small patches (between 0.04 and 0.1 hectares) and four 
large patches (between 0.2 and 0.4 hectares) of sagebrush.  Two sagebrush patches of 
each size category were picked at each site.  At each patch a starting point was 
established ten meters from the perimeter.  Each patch was then mapped using a 
monitoring-grade, perimeter tracing technique and a high precision Trimble
1
 GPS 
receiver to obtain a ―true‖ location and size.  These measurements were considered the 
golden standard from which the other methods were evaluated. 
Six experienced weed mappers then independently recorded the location and size 
of each sagebrush patch using each of the following wildland weed mapping methods:  
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paper-drawn polygons, screen-drawn polygons, buffered points, and perimeter-walked 
polygons.  The specific techniques used for each method are as follows: 
1)  Paper-Drawn Polygons:  Each mapper was provided with four (8.5X11) topographic 
maps for each site with an absolute scale of 1:3,150.  On the backside a topographic map 
of the entire northern tip of Antelope Island was provided at an absolute scale of 
1:24,000.  A new map was used to record each patch.  Mappers walked to a point at the 
edge or center of a patch and visually, or with a hand-held laser rangefinder, estimated 
the patch shape and size. Shape and size estimates were then depicted by drawing with a 
pencil on the map.   
2)  Screen-Drawn Polygons:  Mappers walked to the approximate center of a patch and 
visually, or with a handheld laser rangefinder, estimated patch size and shape.  The 
perimeter was then drawn to scale on a DRG topographic map displayed on the GPS 
screen.  
3)  Buffered Points:  Mappers walked to the approximate center of a patch, recording the 
location as a single GPS point (average of at least 10 position points).  A handheld laser 
rangefinder was then used to determine the average patch radius and assign a patch size 
category (Table 1). 
4)  Perimeter-Walked Polygons:  Mappers walked around the entire perimeter of a patch 
while continuously collecting GPS positions at one second intervals. 
Each mapper was provided a handheld Archer
2
 computer unit with TerraSync
3
 
software, a handheld laser rangefinder, a stop watch, and eight (8.5X11) topographic 
maps.  A different randomization was provided for each mapper indicating the order in 
which methods and patches were to be mapped.  Randomization was forced in that no 
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patch could be mapped twice in a row.  Before beginning, the specific techniques 
required for each method were reviewed and practiced using the provided equipment.  
Mappers were then shown the starting point location for each patch. 
The standard procedure to map a patch was to begin at the starting point.  There 
the mapper would identify the method to be used, and if necessary, open a new file and 
adjust GPS settings.  Time measurements commenced when the mapper began evaluating 
the patch and ended when they returned to the starting point with a finished feature.  
Species and canopy cover were also required inputs when a feature was created.  Before 
the mapper moved to the next patch they recorded their time and closed the used file. 
Data Analysis.  Data files were edited, differentially corrected and converted to 
ArcGIS shapefiles using Pathfinder
4
 software.  Scanned paper-drawn polygons were 
georeferenced using ArcGIS
5
 software.  ArcGIS was then used to determine the area and 
approximate center of each patch (centroid).  A horizontal precision error was obtained 
by measuring the distance from the center of the recorded patch to the center of the actual 
patch.  Between-feature positions were used to calculate the distance walked for each 
patch and method.  Between-feature positions are automatically generated by most GPS 
units and provide an electronic tracklog of the user’s route.  No walking distance was 
calculated for the paper-drawn method.  It is assumed to be similar to the buffered point 
and screen-drawn methods because each required the mapper to walk to the center of the 
patch.   An intersect tool was used to determine how much each recorded feature 
overlapped actual patch boundaries.  A shape error (amount of the recorded feature which 
falls outside the actual boundary of a patch) was then calculated using the formula: 
(estimated-overlap)/estimated.  A size estimate error was generated using the formula: 
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(actual-estimated)/actual.  Maps were then created using high resolution aerial images 
obtained from Utah GIS Portal.
6
  All data were projected in the coordinate system NAD 
1983, UTM Zone 12. 
Statistical Analysis.  For statistical analysis, data were structured using a 
Randomized Complete Block Design.  Mapper + site was the blocking factor while 
method and patch size were considered fixed factors.   Data were checked for normality 
and homogeneity of variances prior to analysis. Using SAS
7 
statistical software, data 
were subjected to an analysis of variance using the Mixed REML Method.   Five 
variables were evaluated: distance walked, mapping time, horizontal precision error, 
shape error, and size estimate error. 
 
Results and Discussion 
 
Each mapping method provides distinctly different representations of weed 
patches when displayed on a map (Figure 5-1). 
Distance Walked.  A comparison of walking distances showed a significant 
difference in the distance walked using the perimeter-walked method for both small and 
large patches (P = <0.0001) (Table 5-2).  On average, mappers walked at least twice as 
far using the perimeter-walked method than when using the buffered point or screen-
drawn methods.  Overall, as the patch size increased the walking distance using each 
method also increased.  These results can be attributed to the techniques used.  Buffered 
point and screen-drawn methods were similar because both required a mapper to walk to 
the approximate center of the patch.  As the name implies, the perimeter-walked method 
requires a mapper to follow the perimeter of a patch which can often be quite complex.  
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Consequently, the perimeter-walked method can require a mapper to cover more than 
twice the distance of other methods.     
Mapping Time.  No significant differences in time exist between any of the 
methods for small patches approximately 0.04 to 0.1 hectares in size.  The perimeter-
walked method required significantly more time to map large patches (between 0.2 and 
0.4 hectares) than any other method (P = <0.0001) (Table 5-2).  In general, as patch size 
increased so did the time required for each method.  When patches are relatively small in 
size, a mapper could easily walk the perimeter in the time it takes to reach the center, 
evaluate, and record a patch using other methods.  As patch size increases a greater 
distance must be covered, which requires more time.  In addition, the shape of the patch 
becomes more complex.  Depending upon the level of complexity it can be difficult to 
define the edges of the patch.  Although each method is influenced by these factors, the 
perimeter-walked is the most affected because of the significantly greater distance 
covered. 
Size Estimate Error.  The paper drawn method had a significantly (P = <0.0001) 
greater size estimate error than all other mapping methods (Table 5-3).  Size estimate 
error is an average of the percent of over or under estimated acreage associated with each 
method.  The average paper-drawn polygon was 177% larger than the true patch size.  
The buffered point, screen-drawn, and perimeter-walked methods did not significantly 
differ from one another in the determination of average patch size.  Overall, the buffered 
point method under-estimated the average patch size by 12%.  The screen-drawn method 
over-estimated average patch size by 5%, and the perimeter-walked method 
overestimated average patch size by 18%.   
134 
 
 
 
The technique used for the paper-drawn method required a mapper to draw each 
patch to scale on paper rather than draw a symbol as is done in many other mapping 
protocols, such as Mapping Noxious Weeds in Montana by Cooksey and Sheley (1998).  
This can be extremely difficult depending upon the drawing abilities of the mapper.  A 
mapper creating a screen-drawn polygon must also attempt to draw each patch to scale, 
but they have the added advantage of a GPS position point which can be used as a 
reference while drawing.  In the buffered point method a patch is simply placed within a 
size category rather than assigned an actual number, which can lead to a degree of error.  
When creating a management-grade perimeter-walked polygon, a mapper generally only 
provides a basic outline of the perimeter of the infestation, leaving out many details.  As a 
result, the perimeter-walked method tends to slightly overestimate the acreage infested.     
 There will always be at least a small percentage of size estimate error associated 
with any method used.  This error is generally not large when the estimated acreage 
infested for three or more mappers is combined, but can increase as the number of 
mappers decreases.  For example, the screen-drawn method only overestimated the 
average patch size by 5% when averaged over six mappers.  On an individual basis this 
percentage was much greater.  One mapper underestimated the average patch size by 
85%.  Another mapper overestimated the average patch size by 157% (Figure 5-2).  This 
can greatly influence the accuracy of data provided for management efforts and should be 
carefully considered as a program is developed.          
Horizontal Precision Error.  The paper-drawn method had a significantly (P = < 
0.0001) higher horizontal precision error than all other methods (Table 5-3).  Horizontal 
precision error is a measure of the average distance between the centers of created 
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polygons and the centers of actual patches.  Horizontal precision error is important 
because it determines how easily someone could return to the patch and apply control 
measures.  The average horizontal precision error for a paper-drawn polygon was 
approximately 160 meters.  In contrast, the average horizontal precision error for the 
screen-drawn, buffered point, and perimeter-walked methods were approximately 13, 7, 
and 3 meters.  These differences illustrate how the use of a GPS unit can influence the 
accuracy of collected data.  Mappers using the paper-drawn method must orient 
themselves on a topographic map using only landscape features and a compass.   If a 
mapper is not well trained, or is working in fairly featureless terrain, identifying the 
correct location of a patch becomes very challenging.   
 The screen-drawn method has the added advantage of a GPS position point.  
Mappers can use their GPS position to orient themselves on the GPS screen.  In this 
study, the horizontal precision of the screen-drawn method was improved by requiring 
each mapper to walk to the center of each patch.  When a feature is created from the edge 
of a patch, there is an increased chance that a mapper will become disoriented on the GPS 
screen.  This occurred during the data collection process.  One mapper failed to walk to 
the center of several patches when using the screen-drawn method and had to re-draw 
them using the correct procedure.  Due to becoming disoriented, polygons were drawn 
adjacent to the actual patches.  As a result, the horizontal precision error increased from 
an average of 13 meters to 44 meters (Figure 5-3).  The buffered point method allows a 
mapper to create a single location point using a GPS unit.  As long as the point is created 
from the approximate center of the patch the horizontal precision error remains low.  
During the data collection process a mapper also failed to walk to the center of several 
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patches when using the buffered point method and had to re-enter them.  The difference 
in the average horizontal precision error is evident, increasing from 7 meters to 25 meters 
by simply failing to walk to the center (Figure 5-4).  The perimeter-walked method uses a 
GPS unit to trace the perimeter of the patch.  When the actual perimeter is followed fairly 
closely the horizontal precision error is minimal.    
Shape Error.  The paper drawn method had a significantly (P = <0.0001) larger 
shape error than all other methods.  The screen drawn-method was also significantly 
different from the buffered point (P = 0.0310) and perimeter-walked method (P = 
<0.0001) (Table 5-3).  Shape error is an average percentage of a created feature which 
falls outside the boundaries of the actual patch.  It is an indication of how well the created 
feature represents the actual shape of an infestation.  The average shape error for a paper-
drawn polygon was 92%.  This error was approximately 39% for the screen-drawn 
method, 27% for the buffered point method, and 20% for the perimeter-walked method.  
The high percentage of shape error associated with the paper-drawn method is linked to 
the high measure of horizontal precision error.  Many of the paper-drawn features were 
drawn in the wrong locations, and thus do not fall within the boundaries of the actual 
patch making shape error 100%.  The shape error associated with the other three methods 
is influenced by the size estimate error.  In general, if a feature is drawn to a similar, or 
smaller, scale than the actual patch the shape error will be near 0%.  Conversely, the 
shape error increases when a feature is drawn to be larger in size than the actual patch.  
The screen-drawn method is also impacted by polygon orientation. When using 
the screen-drawn method a mapper must try to visually assess the infestation and recreate 
what they see on a GPS screen.  This can be challenging, even when standing in the 
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center of a patch.  Common orientation mistakes include drawing polygons so that they 
cut diagonally across the actual patch, or drawing the majority of the polygon so that it is 
centered off to one side.  The perimeter-walked and buffered point methods do not have 
this problem because no shape interpretation is made by the mapper.  Instead, the 
perimeter-walked method traces the patch shape.  Each size category used in the buffered 
point method has an assigned average radius which is used to generate a buffered point of 
a specific size.      
Additional Lessons Learned.  Training mappers to properly use the selected 
collection techniques is critical if accurate data are to be obtained.  In general, the screen-
drawn method will likely require more training than the buffered point and perimeter-
walked methods.  With this method, patch size, shape, and location must all be evaluated 
by the mapper and adequately illustrated on the GPS screen.  This provides more 
opportunities for mistakes to be made, which can greatly affect the precision of collected 
data.      Although the use of GPS technology and other equipment helps to improve 
accuracy, it cannot compensate for mistakes made by mappers in the field.  Many 
mistakes can be minimized by simply allowing mappers to practice using the method 
prior to the beginning of the field season.  Detailed collection techniques also need to be 
established and followed every time.  As shown, failure to follow an established 
technique can greatly affect the integrity of the data collected regardless of which method 
is used.  
Conclusions.  Overall, the GPS-based mapping methods each provided data that 
adequately meets the needs of most weed management programs.  If estimated patch size 
and location are important factors in a management program, there is no accuracy 
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advantage to be gained from the screen-drawn or perimeter-walked methods over the 
buffered point method. If the goal is to cover the landscape as quickly and efficiently as 
possible, time and distance factors favor the selection of the buffered point or screen-
drawn method over the perimeter-walked method.  However, if patch shape is an 
important factor, the perimeter-walked or buffered point method may be the best choice 
for obtaining the necessary information.  In the end, the accuracy of any collected data 
will be greatly influenced by the level of training each mapper receives.   
 
Sources of Materials 
 
1
 Archer Field PC, Juniper Systems, Logan, UT 84321. 
2
 TerraSync, version , Trimble, Sunnyvale CA 94085. 
3
Pathfinder, version 2.90, Trimble, Sunnyvale, CA  94085. 
4
ArcGIS, version 9.3.1, ESRI, Broomfield, CO  80021. 
5
 High Resolution Orthophotography (HRO) 2006.  Utah GIS Portal. Available at 
http://gis.utah.gov/images/sgidraster/HRO2006JPGareas.html.  
6
Statistical Analysis Software, SAS 9.2, 100 SAS Campus Drive, Cary, NC 27513-2414. 
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Hectares  Meters2 Radius 
single plant N/A N/A 
0.0004  4 1 
Limit 8 2 
0.004 40 4 
Limit 73 5 
0.04 405 11 
Limit 737 15 
0.1 936 18 
Limit 1,287 26 
0.2 2,023 26 
Limit 2,760 30 
0.4 4,055 36 
Limit 5,334 41 
1.0 10,117 57 
Limit 14,901 69 
 
 
 
 
 
Method Patch size Mapping time Distance walked 
  ------seconds------ ------meters------ 
Paper Drawn Small 133.96 a N/A 
 Large 183.25 b N/A 
Buffered Point Small 112.42 a 63.08 a 
 Large 173.63 b 101.99 b 
Screen-Drawn Small 106.08 a 50.4 a 
 Large 161.00 b 87.33 b 
Perimeter-Walked Small 129.25 a 147.27 c 
 Large 271.79 c 331.83 d 
a Number values for each mapping method were averaged over all mappers. 
b Values in each column with different letters are significantly different at p = 0.05.  
 
 
 
 
 
Method 
Horizontal 
precision error 
Size estimate 
error 
Shape error 
 ------meters------ ------%------ ------%------ 
Paper Drawn 159.94 a 177.13 a 92.07 a 
Buffered Point 6.76 b -12.43 b 24.43 c 
Screen-Drawn 12.79 b 5.56 b 38.96 b 
Perimeter-Walked 2.72 b 18.28 b 20.04 c 
a Number values for each mapping method were averaged over all mappers. 
b Values in each column with different letters are significantly different at p = 0.05. 
Table 5-2.  Average mapping time and distance-walked recorded for large 
and small patches using selected wildland weed mapping methods. 
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Table 5-3.  Average horizontal precision error, size estimate error, and 
shape error recorded using selected wildland weed mapping methods. 
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Table 5-1.  Patch size categories used in the buffered point method. 
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Figure 5-1.  Illustration showing how each wildland weed mapping method differed in their representation of 
sagebrush patches.   
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Figure 5-2.  Illustration showing the variability in patch size estimations that exists between individual weed mappers 
which can affect the accuracy of infested acres reported if the mapping program has a limited number of mappers.  
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Figure 5-3.  Illustration showing how the position of a mapper at the center or edge of a patch while creating a 
screen-drawn polygon can affect the associated horizontal precision error. 
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Figure 5-4.  Illustration showing how the position of a mapper at the center or edge of a patch while creating a 
buffered point can affect the associated horizontal precision error. 
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CHAPTER 6 
SUMMARY AND CONCLUSIONS 
 
 
Building evidence suggests that an integrated weed management program, based 
upon the principles of prevention, early detection, and site restoration, is the key to 
addressing the problem of weed invasion.  Unfortunately, although the benefits of 
prevention and early detection are understood they often continue to be overlooked.  
Instead, it is typically not until an invasive weed becomes a major problem that weed 
management efforts are initiated in an attempt to limit the damages.  Weed Prevention 
Areas (WPAs) are a relatively new tool which can help improve the application of weed 
prevention and early detection strategies at a community level. 
 The purpose of this research was to collect baseline data that will be used to 
evaluate the effectiveness of the WPA concept, as well as to create materials to assist 
individuals in the development of a WPA.  Information in this study outlines the process 
for establishing a WPA and clarifies how key components of a WPA can be designed and 
implemented. 
The guideline developed in Chapter 2 provides interested individuals with a step-
by-step process for successfully establishing a WPA in their communities.  This process 
consists of five major steps which address how to introduce the WPA concept, organize 
the WPA, develop the action plan, implement the action plan, and evaluate the action 
plan.  The guideline also includes additional resources pages, which provide links and 
references for individuals desiring further information on specific topics.  Several 
worksheets and templates were also created for use in planning and recording activities.   
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Chapter 3 provided an inventory identifying the initial abundance and distribution 
of invasive plants within two WPA and two non-WPA rural communities.  This inventory 
provides important baseline data that will be used to evaluate the effectiveness of WPAs 
in limiting the spread of weeds and protecting non-infested land.  In addition, the 
collected information was used to explain the process for identifying priority weed 
species and sites for management within a WPA.  Invasive species currently not found 
within the WPA boundaries, or that infest one hectare of land or less were considered 
prevention and early detection priorities.  Weed species which were more abundant and 
widely distributed were considered containment priorities.  Sites with the highest 
potential for invasion are the greatest priority and include: waterways or areas of 
increased moisture, locations with a high level of human use, and sites heavily utilized by 
livestock or wildlife. 
Chapter 4 was an evaluation of landowners’ current opinions and activities in 
regards to prevention and control within selected communities.  This information 
provides baseline data that will be used to evaluate the effectiveness of WPAs in 
changing landowner attitudes, and increasing the application of prevention and early 
detection strategies.  Further, several constraints were identified which limit the ability, 
or willingness, of landowners to initiate weed prevention and early detection on their 
property.  These constraints included limited funding and resources, lack of weed 
prevention knowledge, and a high level of perceived risk.  The ability of a WPA to 
facilitate the pooling of resources, collaboration of partners, and sharing of knowledge 
could help overcome these barriers by lowering the associated opportunity costs.  If 
148 
 
 
 
landowners feel that they have additional support and resources they may be more willing 
to take a risk on prevention. 
Chapter 5 contained a comparison of four different methods of wildland weed 
mapping.  Results showed that the buffered point, screen-drawn, and perimeter walked 
methods each adequately meet the needs of most weed management programs.  The 
buffered point and screen-drawn methods are the most appropriate choices if covering 
ground quickly and efficiently is an important factor.  If patch shape is an important 
consideration in the collection of data, the perimeter walked or buffered point method 
should be the method of choice.  These findings also highlight the importance providing 
weed mappers adequate levels of training.  Poorly trained weed mappers could greatly 
compromise the accuracy of data collected regardless of the method or equipment used. 
In summary, this research has attempted to establish baseline data in order to 
evaluate the effectiveness of the WPA concept.  It also provides valuable resources to 
help interested individuals successfully establish and maintain a WPA within their 
communities.  These resources include a guideline highlighting important steps and 
components of a WPA.  In addition, the process for prioritizing weed management efforts 
was described, and potential constraints limiting landowners’ application of prevention 
were identified.  Finally, the strengths and weaknesses of four wildland weed mapping 
methods were also elucidated, allowing individuals to more easily select the mapping 
method that best fits their needs.   
 
 
